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TASK 4.1

Facilities Capabilities & Capacity

gn1f1cant Differences and A Specific
uction Improvement Areas
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Prepared by IMT

Preface

Significant Difference and Specific Production
Improvement Areas

(1) Mold Loft

(2) Fabrication and Sub-Assembly

(2)
(3) Assemb]y
(4) Erection
(5) General

Summarization
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1. Preface

Wth regards to the difference of the facilities capability and
capacity, it is difficult to make sinple conparison because of the
big differences in basic points between both LSCO and I H .
(1) Produci bl e vessel's kind and size

(2) Produci bl e throughput

(3) Layout of production flow

(4) Working hour etc.

From above reasoning, in this paper, as a basis of IH's production
process, we studied to clarify the significant differences in order
to obtain high productivity.

2. Significant Difference and Specific Production Inprovement Areas
The IH's process and main facilities are shown on the attached
figures (Fig. 1 - Fig. 7)

According to the figures, the subject conmparisons were made
here in after
(1) Mld Loft
As significant difference point, there is the NC drafter
machine. In IH, the NC drafter machine is fully utilized
inthe nolld [oft process such as making piece draw ng and
checking NCtape. [In LSCO there is no NC drafter
machi ne.
The N'C drafter machine is very useful for not only obtaining
high producibility and accuracy butal so useful as a back
up systemfor the N C burning machine. Wth regards to
the NC drafter machine, refer to our report concerned
with Task 2.2
(2) Fabrication and Sub- Assenbly
The significant differences in this stage are as follows:
(a) Marking equi pment of N C burning machine
LSCO S machine has the punch marking system and so
it needs manual marking to clarify the marked |ine
This is a hig disadvantage and also it is not as
good from accurate point of view
In connection with this, refer to our report
concerned with Task 2.2.
A-2




111 MARI NE TECHNOLOGY.

(b)

INC. -3

Bendi ng _Machi ne

LSCO has the press and roller machine.

Especially, the press machine needs to increase the
capability.

This machine has a fixed type ramand no turn press
head. .

And so, there are many limtation to making various
kind of shapes.

Even if the flanme bending technique is transfered,
as to the shape required big curve value, the press
machine is useful for rough bending in advance with
the flame bending.

According to the existing machine, the size of
plate to be curved has unpractical limtation and so
it needs weld joint.

Sub- Assenhl y

IH has the conveyor line but in LSCO there are not
clarified sub-assenbly Iine.

As to the fixed slab-assenbly system the capacity
will be recovered by soft ware from planed maximum
t hroughput point of view.

But, the utilization of sem-auto-weld is big
difference between LSCO and IH. These weld
machine with bring big influence to the capacity

on the sub-assembly process.

Assenbl y
The significant differences classified such as panel, curved

(a)

.and three dinensions units are as follows:

Panel Unit Assenbly

Panel assenbly line through fromthe lay out of plate
to the welding between the panel and stiffeners is
being built in LSCO

After finish the said panel line in LSCO there are
not so big difference between LSCO and IH.

A3
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(c)

Genera

| NC. -5

Scaffold .

The scaffolds on outside of ship and inside of cargo
holds are big difference between LSCO and IH.

In IH, the movable scaffold units are used
effectively on.said area instead of conventiona
scaffol d

The specifi significant difference in each process is

as mentioned above.

In addition, as general item through production, there are
the followng difference points.

(a)

Uilization of Jigs

In [H, at every production process through from
fabrication to erection, the effective jigs to be
meet with production method are being wdely
utilized

These jigs wll influence the productivity inprovenent
in addition to the vital facilities.

The utilized ratio of these jigs is hig difference
between LSCO and IH.

Utilization of Auto or Sem -Auto Vel ding Machine
As noted above, the utilized ratio of said weld
machine is big difference.

Especially, the gravity weld machine is nost useful
and so an increase in utilization ratio wll bring

“much productivity.
Sunmari zation

Fromthe facilities capability and capacity point of view, the
specific production inprovement areas are reported as noted above.
Some of the itens are already being inproved with LSCO

In the inprovement of these kind areas, it is inportant to achieve
with consideration of software such as ship's design, production
met hod and so on.

As the next step, we would like to assist LSCO to inprove the said
specific production inprovement areas.

A-5



HII MARINTG TECINOLOGY. INC. -4-

(b) Curved Unit Assenbly

There are hig difference between LSCO and IH .
In LSCO, the plate jig has heen used only for a part
of curved units and alnmost all of the curved units
have been assenbled by means of the frames as the
gui dance of plate assenbly.
From such a reason, in LSCO, there are no jigs
product oriented

(c) Three Dinensions Unit Assenbly
There are also big difference between LSCO and IH.
In LSCO, there are no consideration to nake
positioning in order to obtain more efficiency of
wel d.
In IH, the cranes concerned with the assenmbly have
auxiliary lifting equipment to be used for turning
over, positioning and so on.
The productivity of assembly will be influenced hy
the said kind of the facilities.

Erection

The significant differences except |aunch method are as
fol | ows:
(a) Cranes Capacity
There is a big difference in capacity, but in case
of considering the LSCO S building speed and necessary .
productivity conpared with assenbly, LSCO S crane
capacity is not so small we think.
O course, it is better to furnish the big crane
for making big units but LSCO S existing capacity
not bringing big trouble for building the bulkers.
(b) Wl d Machi ne
The utilization of auto or sem-auto-weld nmachine is
big difference between LSCO and IH .
As to details, refer to the report “FPC 156Vl d
Met hod | nprovenents”.
The utilization of these weld machine will bring big
influence to the productivity on the erection process.

A-4
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FIG. 6
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I1T1 MARINE TECHNCLOGY, |NC. 'e/(il?“ é;" 52(
Ref. No. HP-104

REC D IND. ENG

VENORANDUM JUN 20 1979

June 20, 1979

TO Clyde LaRue

FROM - T. Yanam)toﬁK
SUBJECT :  General View of LSCO

Recently Yotaro Kanoh, D rector of IH and a nenber of
the Board, Vvisited this shipyard. fh this occasian. the
follow ng points were suggested that perhaps %6t | nprove
the operation of this shipyard.

1. Ginding Job for Internal Structure After NC Cutting

It woul d be possible to avoid ﬂrinding if the cutting
tip was cleaned periodically, height and speed properly
adjusted, and if N C prograns were nodified for the
cutting procedure.

Qur engineers will investigate further for a solution
to the problem
2. Untidy Working Area

At this time, general shipyard housekeeping is not in

operation propérly. | - | "
oRe ol et s B T BR} L9 gheen vorking areas

gaE Safe working places with proper passage

b) Material loss wll be avoided
c) Hgh quality will be maintained

This will automatically increase productivity.

Recently at LSCO, working areas were designated as gates
and forenen were assigned to these gates, respectively.

B-1



IOl MARINE T1T1:cONOLOGY. INC.

In this connection, the assigned foreman in his
assigned area takes responsibility of production,
as well as housekeeping. Therefore, the labor
department's responsibility is to keep public
space (such as the roads) clean and to keep scrap
and rubbish cans cleared as a public service.

Material Storage Area and Material Pallet

There are .many materials in this yard which are
difficult to distinguish as a necessary Or unnecessary
material. It will be economically feasible to take
the following action on the matters listed below:

(a) Keep present unnecessary materials in specific
areas in order to make pallets, jigs or scrap.

(b) Establish the proper material storage area near
working area, respectively.

(c) Store necessary material with pallet into
adequate storage area.

Movable Shelter for Slab Areas

The majority of working areas in this shipyard are not
covered from heavy rainfall and sunshine.  More
movable shelters are essential for pProtection. Its
cost will be compensated by increased Productivity.

Erection Working Procedure

Before finishing welding of the joints of the
double-bottom side unit, the stool unit was
erected. This is not the preferable method since

it is necessary to weld at least the tank top joint
before stool erection.

In the erection stage, it is especially important
to finish each unit in order to avoid simultaneous
work with many workers in the same area.

The above items are only a few points suggested that could

improve the operation of this shipyard. We feel that it would
be beneficial to LSCo if your personnel, together with our

engineers, formed a committ

ee in order to study operations and

procedures of LSCo and find agreeable, effective solutions
and implement them.

B-2



| 111 MARIN TECHNOLOGY. |NC.

Due to our nanﬁ Years of shi pbuilding experience, we
can say that a high level of safety precautions and the

avoi dance of unnecessary mnrkln% i n production is inperative
to a high quality of work and the achievenent of hig

productivity.

W woul d greatly appreciate your pronpt response in
the above matters.

TY/ 11t

cc: Ed Paden
Tim Col ton
Marvi n Russel
Woody Gai nes
Russ Teel
Ron MKenney

B-3
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APPLICATION STANDARD IN LSCO FOR WELDING
METHOD BASED ON IHI

Ref. No.
A. Two-Sided Submerged Arc Welding EP-029
B. Gravity Wélding HP-032
C. Verﬁical Down Welding HP-033
D. Welding Procedure of 50 kg/mm® (71000 PSI)

High-Strength Steel HP-086

c-1



III MARINE TECHNOLOGY, INC. -1 -
Ref. No. HP-029
February 23, 1979

TWO-SIDED SUBMERGED ARC WELDING

1. OUTLINE

In this method, backing side (side 1) is first after the
turning-over of the plate finishing side (side 2). This is
the most common submerged arc welding method. Applicable
parts are flatt butt joints of Assembly stage and Sub-Assembly
stage.

2. APPLICABLE CONDITION

WELDING EDGE STANDARD RANGE| ALLOWABLE

 SYMBOL PREPARATION OF THICKNESS LIMITATION
inch inch
B2S. % 1/44 TZ 7716
/ < 825.3 LT | ( R -0 / R<1/16

/_H_<st,5 SE K 7/16 < T<5/8 RZ.1/16
¥ R

e =0
R
e Ay _
A CBIV.2 S-‘i% \/_& S 1/24T <1 R<1/16
/ ¥ R =0
L = 3/16 1/8<L<1/4
R k24
v A
N F A 1 11/{16 iOT_<,1 1/2 R<1/16
/ 5 5 TV > - 1/8 1/16--L <.3/16
R — |B=2/3T C=1/3T

c-2



IHI MARINE TECIHNOLOGY, INC.

3. DIFFERENCE OF PLATE THICKNESS (IHI's PROPOSAL)

Example /_i_< B2V.2 '/__i\_<BZV.2
Y i VY 1§

(T - £t£1/8") :

' ‘f_l_ngv.z | /-—;‘E(BZV.Z
Y =) (Y ot

(T - £>1/8") .

-

3
LSCO's Typical Chamfer at Plate Seam 18° = 11
Std. No. SD-26 '

3
11 See detail drawing for weld size

NOTE: Chamfers are used when there is a difference
of 3/16" or more in the two plates being joined.

4. WELDING EQUIPMENT

Welding Power Sources: Lincoln - SA800 Type 460V( 3 phase
Output: DC 800A 60 Hertz

Welding Machine : Electrode polarity - positive
One electrode. Flux self vacuum.
Without truck.



I MARINE TECHNOLOGY, INC.

5. WELDING MATERIALS

FILLER FLUX T GRADE
WIRE
(a) L - 61 # 780 L1 ALL
ORDINARY
STRENGTH (b) L - 60 # 780 £5/8" A only
STEEL
(e) L - 61 # 860 <1 1/2" ALL .
All H.T.
HIGHER (a) L - 61 # 780 <1" except
STRENGTH EH grades
STEEL
(b) L - 61 # 860 < 3" ALL
6. TACK WELDING
d Ordinary Strength Steel: E6011, E7018
Electrode Higher Strength Steel : E7018

Tack Welding Length: Approximately 2" - (sufficient to hol
Tack Welding Pitch : ab 12"

7. WELDING PREPARATIONS

A. Weld area shall be free of all oil or grease and excessive rus
or scale. Cleaning may be made by brushing, blasting, etec.,
or any other method of assure compliance with the above.

(1) Moisture shall be removed by pre-heating when necessary.

B. Flux Constrol: When using a new bag, with a 12-hour period,
allow to use without drying. But if it is
more than above, theflux should be dried at

at temperature of 390°F (250°C) for one hour
before use.

c-4



LI MARINE TECIINOLCOGY., INC, -

7. WELDING PREPARATIONS (cont.)

C. RUN-OFF TAB

Base Plate 'and Tab Plate

BASE (3 _ ‘ 13/16- |11/8 - 1 5/16 -
THICKNES%IICh;l/& 3/8 |7/16-9/16} 5/8-3/4 |1 1716 |1 1/4 1 7/16
rciEss | 5/16° 1/2" |11/16" 1" |13/16" | 1 3/¢
TAB
SIZE 4 1/2" x 18" 6" x 18"

% T "
£21" =4 1/2'_7- t / gel&eltt.lsed up to 12" by
t>1' = 6"/ - e 18"

i(__ 18" ——l i

7/
a4
* . //,C—,'l(er(—
. //7

o/
1 N/

/
=

-

C-5



TOI MARINE TECONOLOGY. INC.

-5 - 7 T

8. STANDARD WELDING CONDITION
T EDGE PREPARATION | BACKING PASS FINISH PASS
i(ggsl A v M | A v IPM Elect] Dia.|Flux
1/4 -0 © | ©
6.4) > 475 | 29 | 40 | 575 | 32 |40 |1-61|5/32] 750
) ) ') :
5/16 500 | 30 | 38 |575| 32034 | |s5/32] 780
(8) 2
8 @
3/ 600 | 32 [ 38 | 750 | 33|35 |" |5/39] 780
1)
16 | &
7 650 | 33 | 38 | 800 | 34 (34 |" |3/14 730
(11.1) @
1/2 @ |
750 | 34 | 33 /850 | 36 {33 |" |3/16 780
(12.7) 0)
9/16 | @ | |
750 | 34| 30 | 850 ] 3632 |" |3/16 750
(14) :
@
s78- | @
7501 35| 36 | 850 | 36 ;24 " |3/1d 780
(16) %) “
Q@ 459 5251 29 | 14
11/16 ®B"/T 32 {20
(17.5) —3/16 Deso | 32 125 | | 5739 s60
@) 700 | % i3
RO D525 29 | 1%
374 675| 32 | 20 .
o | \[3/16 Deso | 32 195 5/37 860
—% 700 | 3% i35
45° 525 29 | 14 .
13/16 \/ 316 | 8P Z D | esola2 las | ™ |5737 seo
(20.6) y——2/ 70 | % |H
@)  45° 525 29 | 14
7/8 675| 32 | "
(22.2) W* 3/16 650 | 32 25 >/37 860
y §v) 700 | % |}

* Root Pass by some other

Multiple Pass.

C-6
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MARINE TECHINOLOGY. INC. - § -

. ARATTON | BACKING PASS FINISHING PASS
inch i A v in/min. A V  in/min{Elect.) Dia.|Flux
L )
*
525 | 29 |14
15/16 [ s =15 5% @%ﬂ 2 | L-61 |5/32 | 860
* ®525 29 |14 .
] i 675' 3I 20- Qg " " 141
1 3716 50 {32 |25
©) 700 |32 |30
* 0 525 | 29 114
675 | 31 |20 650 {32 |25 v " "
1 1/16 Z—_—ll8 0 % |D
- @)
€) 525 { 29 |14
11/8 \[_1/8 6751 3T |20 | oty s | w v | .
@ 700 3% {30
(1
1 3/16 22—5 %2 %é
=1/8 75 l O @ 'ég. -2_5. ”n " "
(g) 700 i34 30
* (B 525 | 29 |14 :
675 | 3T |20 '
11/4 y:m 650 |:3é7'; BN I N
@)
= 525 ( 29 {14
1 5/16 675 3L {20
":1/8 @g 32 _2_._5_ 1] " "
o 700 3% |30
* | O— 525 29 |14
1 3/8 _ 675 3T |20
= 1/8 650 132 |25 " " "
O 700 36 |30
) 525 29 14 " 114 1t
1 7/16 650 132 |25
1/8 675 31 |20 700 3% |3
(3 '

* Root Pass by some other process or at low enough amperage to prevent burn~through.



IOl MARINE TECHINOLOGY, INC.

9. SOME COMMON WELDING ERRORS AND SUGGESTED CORRECTIONS

A. Bead Joint

Weld configuration desirable where multi-pass welds are
made starting at a given point and welding in each direction.
Typical example is skip welding and plate joint intersections.

1
3
R
1

Where cascade method has not been used and each pass is
equal in length, starting and stopping at the same point of the
pass underneath it, the ends may be prepared by beveling the
total bead thickness to approximately 30~ by carbon arc
gouge, chipping or grinding. This will provide an end condition
similar to that created by the cascade method.

First Weld Direction <_l.__,,Second Weld Direct:

=~

—>112" |e— Minimm cascade epdcmfvmﬂds

B. Undercut

Depth of Cut: wup to 1/64" (0.5mm)
C. Overlap 0

::_’“_—_;77 verlap
Correct by removing excess weld metal. Toe bead may be used
where complete penetration can be accomplished.

D. Weld Reinforcement

Weld reinforcement should be approximately 1/16" high and
shall not exceed 3/16" in height. There shall be a gradual
transition to the plane of the base metal surface. Excess
reinforcement shall be removed.

c-8
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10. INSPECTION

(1) Macro-Test

—->|-<;Atc@d. Mat. Add. Mat..,)|

(2) U.T. Test

—

— — —
e eI
1'-10" 1'-10"

1'-10"

c-9
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EACH SIDE SUBMERGED ARC WELDING (SINGLE) IHI CONDITIONS
PLATE , PLATE
THICKNESS EDGE BACKING PASS FINISHING PASS IPHTCKNESS EDGE BACKING PASS FINISHING PASS
IPM IPM
INCH | mm | PREPARATION | A |V [(ceM)! A | Vv [cpM) |incH |mm | PREPARATION A |lv {CRnla |v (hi)
21,7 23.6
6 19.7 25.6 13/32( 10 720 |33 |o. 0" 9o00(38
1/4 530 34 [y | 750 34 2o (55) (60)
9/32] 7 se0| 34 [*2:7 | soo| 34 [25.6]7/16]11 760 |33 |?L:7| 02038 | 228
(50) . 55) (58)
(65)
19.7 24.8 A g 21.7 22
8 620 | 34 850 34 .
5/16 (50) 63) 2732112 | | [800 133 ooyl g40le [56)
11/32 - —_—
9 650| 30 ['2:7 | geo| 34 |3438 M 7 21.3
(50) (63) 13 830 |33 (8357 95038 (54)'
38 7/32 .
1971 900 35 |23:6 5 ’ 17.7 19.7
13/321 10 680| 34 : . . .
(50) (60) 19/16] 14 o 800 |32 45y | 93038 ( 50)
20.5 22.8 0
7/16( 11 700| 34 920{ 35 : 6 ___
. 52 58 17
—_ (52) (58) 19/32{15 |4 ] 830 |32 (43) | 95030 | {4y
——— o
21 21.7 7. 0 17.7
12 - 730| 34 50| 35 . — 15.7 .
15/32 —_—t (53) | ° (55) [3/8 |16 |g 870 132 (40) | 98039 [45)
ROD US-43 . 4.8 DIA. FLUX PFH-45 17 |3 09— 14.6 17
21./32 9 900 |32 (37) | 1024 39 |,
’ 14.6 14,2
23/32 820 (32 (37) | 1109 36 [ 36)
s |19 |€ = ’ 820 (32 |17®| 110d 36 }13-8
A ﬁ37) 35)
90
ROD US-43 6.4 DIA. FLUX PFH-45 B. PASS
KW-43 kB-14 F. PASS

ONI "ZDO0TONTOIL INIUVIL INI



DITIONS

SINGLE —3¢TANDEM
PLATE EDGE
BACKING PASS FINISHING PASS |THICKNESS | pREPARATION BACKING PASS | FINISHING PASS
IPM IPM IPM I1PM
Al VvV rcpM) | A | V_ i(cpM) |INCH | M/M A |V licomp A 1V _ lcony
——|u| 600 |32 |31.s5{750 [ 32 |31.5
830| 32 |13.8 [1100| 36 |12.6L3/32| 10
——————|r| 600 {36 [80) |750 | 38 [80)
7/16
————— Ll 650 |32 |31.5/800 | 33 | 29.5
ss0| 32 |13 113037 |11.8{5/32! 12 .
: 7| 650 |36 [80) [B0O | 38 [(75)
17/32 750 :
T L| 750 |32 |27.6{900 | 34 | 29.5
9/16| 14 | g T | '
950! 32 |12.6 | 1200 37 10.2 v [ 750 |36 [70) |900 s |(75)
/0 — Il eso |32 |25.6/1000] 35 |28.7
90| 32 |11.8 {1200 37 |10.2(3/8 |16 | ~— |
r| 850 |36 [65) [1000] 38 [(73)
99— | 700 |32 [27.6|1000] 33 |27.6
1050{ 33 {10.6 | 1300 38 |9.8 F3/32 18 |6
6 _gd—— | 700 |36 [70) [1000{ 38 [(70)
. 0%— | 720 |32 |26.8|1050| 33 | 25.6
1100{ 34 |[10.6 ] 1400 38 |9  P5/32]20 8 -
8__a0 T | 720 {36 {68) |1050| 38 [65)
7~——Zg° r, | 800 |32 [24.4]1100( 34 | 20.9
L150[ 34 |9 1400 38 7.9 [L5/16,24 |7
10 o5 r | 800 |36 [62) [1100| 38 [53)
o—0 ) —=L [900 [32 [19.7[1150| 32 |18.9
la. FLUX PFH-45 B, PASS il 3/3§!28 9 —
KB-14 F.PASS 9—_-;;g:::;r 900 {36 |(50) |1150| 38 |48)
0
E 10— — L | 950 {32 [18.9(1200] 32 |15
1/4132 |9 —
13 __4da— & |950 |36 [48) {1200( 40 l(38)
ROD US-43  L:48 DIA. FLUX PFii-45 B, PASS
KW-43  T:6.4 DIS. KB-14 F. PASS

‘ONI ‘ADOTONIIDIL IANTUVIL THI
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IH1 MARINE TECHNOLOGY, INC. — 1 -

Ref. No. HP-032
February 28, 1979

GRAVI TY VELDI NG

1. CGENERAL

Gavity welding is a sem -automatic wel ding nmethod which
utilizes natural gravity in the wel ding process. | il
applicable to horlzont fillet welds 1n assenbly EF gBbt' Y

assenbl y stages.

2.  EQUI PMENT

The gravity welding unit is a sinple structure designed to
hold the electrode at the proper drag angle and proper electrode
angl e-to-joint posture. The eq U|Pnent |s deS|gned so that the
wel d bead size and quality is controlled b

(a) El ectrode diameter o
(b) Drag angle and el ectrode angl e-to-joint

(©) Anperage
Al'l these itens can be adjusted asnecessary.

The units are equipped with a switch which is only to be .
used to initiate the arc and is to be disengaged when the arc is

automatically extinguished. The electrode is placed in the electrode
hol der and the tip of the electrode I's placed P %e anproerate

starting position. \Wen the switch is activated the arc is started
and continues to weld until the electrode is consuned and the hol der

automatical ly extinguishes the arc.

3. ELECTRCDE

Gavity feed el ectrodes are 700mm (27 2') long and wi || be
avai lable in sizes of 3/16", 7/32" and [/4". = 1p. i t
electrode is provided with a special materi al 8 'ﬁlpigfe Qﬁ
X%§y star%. The electrode is designed to perform best on an
current.

4. APPLI CABLE CONDI TI ON

EDGE ALLOMBLE
WELDI NG SYMBOL | PREPARATI ON STANDARD GAP LT M TATI ON
’ E—\‘—G G =0 G < 3/32"
The sane as_ 5 14‘3 (2.3m)
manual wel di ng *

* \Wld leg length shéll be increased by gap.
c-12



5. WELDING EQUIPMENT

AC Power sources -
Miller, Airco.

Gravity Machine: T

6. WELDING MATERIALS

400 Amps or over, 60 Hertz, Lincoln

ype - Fematic Made by ESAB
Slide bar length 10 1b. weight

39%"

ELECTRODES
ORDINARY AWS ESABs¢x 7002
STRENGTH STEEL E 6027 5.6%x 7001
6Px 7002

7000 PSI HIGHER
STRENGTH STEEL

7. TACK WELDING

Electrode

Tack Welding Length:
Tack Welding Pitch :

8. WELDING PREPARATIONS

(1) Weld area shall be free of all
Cleaning may be acc
including grinding or brushing,

rust or scale.

(2) Electrodes Control

For mild steel: If electrodes hage absorbed moisture,
them at 1602210
To prevent moisture, it
warmer facilities at 1209
be used.

For higher steel:

Ordinary strength steel:
Higher strength steel :

E 6011, E 7018
E 7018

Standard 2"

In case of H.T., 2"
ab 12~/16"

0il or grease and excessive

dry
F (70%

is recommended that
210°F (502-100°c)

The electrode should be dried at a temp-

erature of 580%660°F (300%.350°C) for one
hour before use.

c-13

omplished by any suitable means
moisture shall be removed by heatin

100°C) for one hour.



10.

11.

STANDARD WELDING CONDICTION

LEG LENGTH ELECTRODE DIA CURRENT SPEED RATIO
*
3/16 inch | 5mm  (3/16") | 959 (&) 1.3
(4. 8mm)
7/32 ..._.. . " 285 ' 1.8
/ (5 Sim) 5.6mm (7/32")
1/4(6.4hm) bm (1/4") 350 1.8
7/32
(7 .1mm)
5/16
/ (7.9mm)
11/32
(8. 7rm)
SPEED RATIO = .Bead length (inch)

Melting length (inch)
SOME WELDING ERRORS AND CORRECTIONS

A. Leg length Allowable limitations
. 0.9L>) L = Regulation length
0 Less than 0.9L to be corrected
22 b 1din
- y we g.
) L |

B. Bead Undercut
Depth of cut: wup to 1/64" (0.5mm)
C. Bead Overlap

8<L90°: To be chipped by
grinding or to be
ﬁ;e corrected by welding
s T |
D. Weld Crater '

Not allowed: To be ground or chipped and corrected
by welding

INSPECTION

Bead appearance inspection. (Items 10-A~D) Check by gauge
. . and visual.

C-14
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REFERENCE DATA FOR GRAVITY ARC WELDING

kY4 *3 ¥ x5 6
*1 ROD | BEAD | LEG | ROD -ROD POSSIBELE { ROD  [WORK
SPEED [LENGTH| LENGTH LENGTH DIA, |CURRENDMELTING \WEOPS | oX0 | B Lorpmve |vaGHINE [ovTs |TnvES
RATIO | inch | inch (mm) I/min I/min [Min/Rod 1bs/M  |No./Man. No./km [Hr/5%/K
3/16 | 4.5 |195 9.1 11.8 |2.1 3.3 | 0.50 7.0
21 6" 25 2 7/32 |5 225 8.7 | 11.3 |2.2 3.5 | 0.59 7.3
(550mm) 106 40mm-LL4 6 280 8.1 10.5 | 2.4 3.8 {0.77 7.8
9/32 | 6.4 |305 8.0 10.4 2.4 3.8 | 0.87 4 1563 | 7.9
5/16 | 7 325 7.8 10.3 [2.5 3.9 [ 1.0 8
11/32 | 8 370 7.3 9.5 2.7 4.2 |1.23 8.7
1.3 3/16 | 4.5 190 9,2 12.0 [2.7 3.3 | 0.50 4 6.9
7/32 |5 220 8.2 10,6 |3.1 3.7 10.57 6.2
27.6"{ 32.7" 1205 6.2
700m) | (836 1/4 6 280 8.1 10.6 |3.1 3.7 |0.75 5
9/32 | 6.4 |300 8.0 10.4 |3.1 3.8 |0.84 6.3
5/16 | 7.5 |350 7.5 9.7 |3.4 4.1 |1.06 6.8
11/32 | 8 380 7.3 9.5 3.4 4.1 [1.22 6.9
1/4 6 280 8.3 10.8 {4.0. | 3.2 |0.74 6 5.1
9/32 [6.4 |300 8.0 10.7 |4.0 3.4 |0.84 5.2
35.4"42.9" 15,16 | 7.5 (350 | 7.6 9.9 |4.3 | 3.5 |1.05: U
(900) [(1090) . 7
mm mn - 11/32 | 8 380 7.5 9.8 |4.4 3.6 |1.19 4,8
7/32 | 5.5 |240 8.1 12.2 [3.1 3.2 |0.55 5.4
27.6"| 37.8" [1/4
700mm) k 960mm) / 6.4 |290 7.7 11.6 |3.3 3.4 [0.73 5 1040 | 5.7
9/32 | 7 320 7.5 11.2 |3.4 3.5 | 0.84 5.9
L5 5/16 | 8 370 7.3 11.0 |3.5 3.6 | 1.04 6 5.0
7/32 | 5.5 |240 8.1 12.2 | 4.1 3.2 |0.54 4.5
35.4"1 49.6" |1 6.4 |290 7.7 11.6 |4.3 3.4 |0.72 1
(900) |(1260) L4 795 aZ
mm m (9732 | 7 320 7.5 11.2 |4.5 3.5 |0.82 7 4.2
5/16 8 370 7.3 11.0 |4.5 3.6 [1.04 4.3

‘ONI "XDOTONTIOAXL INIAVIT IHX




Welding Speed x possible machine x arc(time ratio x worker x 60
0.4)

[Comparison of gravity arc welding and manual welding

(5)

ONI ‘XHOTONHDIAL ANIUVIV IXI

*9 *3 *4 *5 *6
S’%ED ROD | prap | 1EG |ROD |CURRENI MELTING [WELDING | ARC | B ROD  |POSSIBIE | ROD |WORK
raTio | ENGIH|TENGTH |IENGTH [DIA. | A RATE | SPEED | TIME |Min/M [SPENDING [MACHINE |JOINIS |TIMES
inch | inch () I/min  |I/min  [Min/Ro lbs/M  |No./Man. [No./km [Hr/5%/km
7/32 6 260 7.5 11.2 3.4 2.9 0.53 4.9
(7%&“3)" {ﬁ-o"-)" Ve | 7 |30 [7.3 1.0 3.4 | 3.0 | 0.72 5 870 | 5.0
1.8 ’"% 9/32 7.5 1330 7.0 12.6 3.6 3.1 0.80 5.3
35.4" 59 1/4 7 300 7.0 12.6 4.7 3.1 0.69 3.8
(900mm) |¢1150) |-9/32 | 7.5 320 |6.9 12,5 4.8 | 3.2 | 0.75 7 670 | 3.8
m 5/16 8 340 6.7 12,0 5.0 3.3 0.86 8 3.5
3/16" ] 4.5 [190 9,2 12.0 2.7 3.3 ] 0.5 27.4
7/32" | 5 220 8.2 10.6 3.1 3.7 | 0.57 30.9
1.3 [27.6" | 32.7" "
(700 [(830) 1/4 6.0 ]280 8.1 10.6 3.1 3.7 0.75 1 1205 [3L.1
mm mm- |9/32" [ 6.4 {300 8.0 10.4 3.1 3.8 0.84 31.4
(]
- 5/16 | 7.5 350 7.5 9.7 3.4 4.1 [ 1.06 33.7
11/32' 8. 380 7.3 9.5 3.4 4.1 1.22 4.4
REMARKS : SET CONDITION EXAMPLE
_ Bead Length (inch) Arc time ratio: 40%
*1 Speed Ratio ~.MeItIng Length (inch) Weld length (3280 fget
) 1000 m
*2 Bead Length(inch) = (Rod Length - 8.36") x Speed Ratio Workers i 5
(60 mm) 2.36: Remain‘Electrode
*3 Welding Speed (inch/min) = Melting Rate x Speed Ratio
Are time Rod Joint Time: 0.7 minutet
*4 Possible Machine (No./Man) = 1 + Rod Joint Time {
%5 Rod Joints Weld Length (3280 feet
 Number of Setting Rod of weld length 3280 feet(1000m) = Bead Length §*2 Teet) )
*6 Work times = Weld length (3280 feet or 1000m) :

o e, pememors cx s av




I111 MARINE TECHNCLOGY. [|NC

Ref. No. HP-033
March 2, 1979

VERTI CAL  DOMN VELDI NG

1. QUTLINE

Vertical down welding process is specifically designed
| ow hydrogen type el ectrode and high working efficiency

vertical welding.

Applicable parts are sub-assenbly stage, assenbly stage
and erection stage.

2. CHARACTERI STI CS

(1) The deposited netal contains |ess hydrogen. Its
crack resistance is as good as that of the conven-

tional |ow hydrogen type el ectrode.

(2) Manipulation is easier in vertical down wel ding

than in upward, and considerable hiﬂher_current
is available in vertical down welding wthout any

defects such as undercut, overlap, etc., assuring
extrenmely high working and joint efficiency.

(3) Both one-pass and nulti-pass welding are easily
performed in the vertical down wel ding.

G 17



3. APPLICABLE CONDITION

ALLOWABLE
WELDING SYMBOL | EDGE PREPARATION STANDARD GAP LIMITATION
/—[9— EI G=0 G < 1/8"
LG * (3.2
> i 2
* Weld leg length shall be increased by gap
4., WELDING EQUIPMENT
Welding Power Sources: AC SQOA 60 Hertz
400A
5. WELDING MATERIALS
ELECTRODES REMARKS
. Z-g “ Made by
Ordinary gw3016 50 by 17,7"i@BZ6V K?be Steel, LTD
Strength Steel 5.5 (450) '§ 16V} Nippon Steel, LTD
6.0 mm ) etc.
4.0
71,000 PSI Higher| AWS 4.5 L=
Strength Steel E 7016 2.0 5x 17.7" psoy "
5.5
6.0 (450)
. mm

* Example

6. TACK WELDING

Electrode:

Tack Weld Length:
Pitch:

Position:

E7016 - 5/32"
standard 2" In case of H.T. > 2"
ab. 12 ~ 16"

vertical down

C-18




THI MARINE TECIONOLOGY, INC.

7.

8.

(1)

(2)

WELDING PREPARATIONS

Weld area shall be free of all oil or grease

, excessive

rust or scale by brush up, and moisture by heating.

For the low hydrogen electrode should be dried at a

temperature of 580°~ 660°F for one hour before use.

STANDARD WELDING CONDITION

Rod Dia 4.5 mm ¢ 5.0 mm ¢ 5.5 mm ¢
Le %
g ¢l
Length ¢ 230 A 270 A 310 A
lLay 1Pass 1Lay 1Pass lLay 1Pass
3/16" (4.8)
o N N L__
3 2Lay 3Pass 3 2Lay 3Pass N.ay 2P
1/4" (6.4) % 2 52: v ess
1
2Lay 2Pass
9/32" (7.1)
1
.3
5/16" (7.9) EZLay 3Pass
1 2
4 3Lay 4Pass
11/32" (8.7)
1
. z{ 3Lay
13/32 (10.3) \ OFass
23




9. MANIPULATION TECHNIQUE

(1) Manipulation of electrode

Hold the electrode. Press its tip against mother plate.
Operate by straight bead method without weaving.

Welding speed to be suitably adjusted by leg length

and electrode's tip to be always preceded prior to molton slag

(2) Angle of electrode

As shown in the sketch

Over 2Pass

g=8

« o
53

\—"\——/_/

(3) Interrupting arc

@ Electrode to be held as if
tip is floated on upper si
crater

Soft ﬁouch

\\.\‘\ \\\ \ \

Pressing its tip against c¢

Blow away deposited metal
before coagulation by arc
cut off arc. -

o@D D))
© o8
® 0 0

C-20



(4) Re-arc starting

Arc touch on crater

Move the tip of electrode
swiftly till upper side of crate:

Push electrode and enough
fuse on the crater

NN

® 6 © 6

Welding by proper speed

@

555D ) )
®

(5) Treatment of lower part: The lower part of vertical down
welding shall be carried out by upward welding, its
length is 1 3/16" (30mm) from lower end.

1 3/16" -Li! 111 3/16"ifl 1$
F ¥

10. CORRECTING METHOD

[:1>\N Allowable Limitation
9

(1) Leg length

9L 2> : i
i KT 7 0.9L>¢ L: Regulation leg lengt
0.9524 S: Regulation throat-
thickness

Less than 0.9L (0.9S) to be
amended by welding

(2) Under cut of bead

Depth of undercut: up to 1/64" (0.5mm)

c-21



(3) Overlap of bead

6<90°: To be chipped by grindi
/\6 or to be amended by

N welding

) |

(4) Pit of bead

No Permission : To be chipped by gouging
and to be amended by welding

11. INSPECTION
Bead appearance inspection

Item 10-(1)~(4) , ete. Check by gauge and vision.

C-22



REFERENCE DATA FOR VERTICAIL. DOWN WELDING

Comparison of Vertical Upward Welding and Vertical
Down Welding
Welding Upward | Vertical poyn welas
Method pwar ertical Down. ing
L;;\\\\\c . Welding ?ﬁln?Mg
Length - (tin/M) | 4.0 ¥ 5.0 ¢
3/16" (4.8) 8 3.5 2
mm
7/32" (5.6) 9 4 2.5
1/4" (6.4) 11 5.5 4
9/32 (7.1) 12 6.5 ’ 4.5
5/16 (7.9) 14 9 6
11/32 (8.7) 16 10.5 7.5
3/8 (9.5) 17.5 11.5 8
13/32 (10.3) 20 13 9.5
7/16 (11.1) 22 14 11
15732 (11.9) 25 15.5 i4
Remark:

(Min/M): Minute per 3.28 feet (Meter) of net arc time

(e}
1

N

w



I H MARI NE TECHNOLOGY, | NC. - [ -

Ref. No. HP-086
May 2, 1979

VELDI NG PRQCEDURE OF
50 Kg/ mf (71000 PSI) HIGH STRENGTH STEEL

CONSTRUCTI ON STANDARD

1. | DENTIFI CATION OF H G+ STRENGTH STEEL (H. T .)

To be painted with green prinmer paint.

2. MARKI NG

Col d chisel and punch are not to be used. (1f they
were used by mstake, final 8rinding or welding after
100°C (210°F) pre-heating and final grinding should
be carried out)7

3. GAS- CUTTI NG

When gas-notches are found nore-than 0.5nm in depth

at the free edge of the plate used jyst after bein as- cut
final grinding or welding after 1deC (ZldgF) prégh ating

and final grinding should be carried out.

4. BENDI NG PROCESS

It is better that bending be done with the press. Wen

line heating is used, the tenperature should be-less or equa
to 650°C (1200°F) and cooling with water nay be used.

In this case, the tenperature nust be checked by
tenperature chalk (tenpil stick).

C24



IHI MARINE TECANOLOGY., INC.

-2 -
5. WELDING MATERIAL
TABLE 1 MANUAL WELDING
Classification Position Electrode Notes
of Use
I s AH32. DA3Z
A G 1 All AWS 52585 Dl‘u\36, Eﬂ136
enera ALl E 7018 SO P axﬁ listed
Welding Positions unde 1.
EH32 is also incl.
B Vertical gg%udei Al‘%’is thru
Down Vertical E 7016 » 4250
Welding 2 E%gtﬁ listed under
. Includes AH32, DH32
c glaF ang 1 Flat and Hori- E 7018 DHN32. AH36. DH36
orizontal zontal Fillet - DEN36 ’ ’
Fillet Welding E 7028
Butt joint of
Flat and
D Flat and " Same as A
Horizontal Horizontal E 7018
Seam of side
E shell Horizontal E 7018 Same as A
(HT x MS)
Fillet welding
F of overhead Overhead E 7018 Same as A
G %giggrcltg: All E 7018 Same as A
Tack

C-25
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Table 2 Automatic Welding Materials

Vel di ng Met hod Filler Wre FI ux T G ade

Both si ded » ALT HS except
submer ged L-61 # 780 <1 EH grade
arc wel ding L-61 # 860 < 3 Al'l

Conbi ned . Al
submer ged L-61 # 860 < 3"

arc welding

In case of HT x M5 to be used above material.
In case of # 780 Flux to be applied only one pass welding.

6. VELDI NG MATERI AL CONTROL

(1) Dryness control for manual welding el ectrodes.

(a) Electrodes to be dried one hour from
300°C (570°F) to 350°C (660°F) before use.

(b) After drying is perfornmed in the above-
mentioned way, electrodes may be used in
keeni ng bob of which tenperature is from
100°C (210 F) to 150°C (300°F) .

(c) Electrodes which are taken out from the above-
condi tioned box are to be used within five hours.
VWen el ectrodes are taken out in a portable
dryer, they are to be used within ten hours.

(d) When el ectrodes are kept out over above-
mentioned tinme limt, they are to be re-
dried on condition (a). o

(e) To check out-keeping time, it is necessary to
di stinguish electrodes by painting end of
el ectrodes as follows:

Table 3 End Col or of El ectrode

For enoon Af t er noon
Qdd nunber day G een Bl ack
Even nunber day Wite Yel | ow

G 26
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(2) welding Material for automatic wel ding.

In case that welding materials are newy used
from cl osed container, the na% be used just as it
sho

is wthin 12 hours. But all

uld be re-dried

i f kept out fromthe previous day. The welding
materials which are kept out nore than twelve
hours after container-opened, should be re-dried
at 250°C (480°F) nore than 1 hour.

7.  PRE-HEATI NG AND BUI LDUP METHOD CONTRCL

Pre-heating and especially buildup method are as shown

in Table 4.
Table 4
~.\. 1).7: . N
\:?\310?1\ Pre-heating Method Service Bead Method
D?Oyk. Sy Colg weathed Cold weather
ivision - “o season Oth
v Nov.l~March 31 Other nso?.,-_afj?garch 31 .
Horizontal Service bead .
Butt welding Pre-heating |Pre-heating after Segv:.ge
Ht x HT, HT x MS over - over Pre-heating oea
100°¢C 75°C over 75°C withous
Ov;;'lzi:cg (2109F) (167°F) (167°F) Pre-heating
welding
Vertical When electrodes less than 4.5mm are used, at an ambient
Down temperature of 5°C (41°F) or less, plates are to be pre-
: heated to 75°C (167°F) or more before first pass.
Welding 2
VWhen electrodes are used at an ambient temperature
Butt of 59C (41°F) or less, and to 25mm (1I'") or more in plate
Welding thickness, nlates are to be pre-heated to 75°C (167°F)

or more before first pass.

(In Divisions A and B, generally service bead nethods are used.

Noti ce

(1) Pre-heating in division A is perfornmed before first pass
of finish layer. But if that interlayer tenperature is
hi gher than pre-heating tenperature, it is unnecessary
to pre-heat. (as shown in Fig. a)

G 27
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(2)

(3)

Fig,

MARI NE TECHNOLOGY.

| NC.
- 5-

Pre-heating in Divisions B, C and D are performed before
first pass.

ervice bead 1n Divisions A and B are put below in

igs. (b) and (c).
) o=
5 1
A 5 3‘*
-3
-—«(service «—(serv
bead) HT bez
(a) Pre-Heating Fig. (b) Service Fig. (c) Service
Bead Bead

(4) I'n welding of Divisions A and B, block welding |ess

than one neter is to be used. But onl

, in Division A
nay bl ock meldlnﬁ | ess than one neter
wel di e

e used after
d as far as two-thirds of thickness.

ng is finis

Pre-heating i

[ to be carried out to 100nm (4") each
side from wel

S
ding line in principle.

Check of heatin? temperature to be performed each
shﬁﬁ(SOnn1(2”) romwel ding line by tenperature
chal k.

In principle in gravity welding and submerged arc
wel ding, it is unnecessary to pre-heat, it is

advi sabl e to gas-heat before welding to renmove rust,
water, oil and paint fromthe surface to be wel ded.

8. ARC STRI KE AND SHORT BEAD

(1)
(2)

(3)

Do not arc strike except in welding groove.

V%Idin% bead length is to be nmore than 50nm (2”) and
short bead |less than 50mm (2") is not to be put even
in tack welding and in repair welding.

Wien above-mentioned arc strike or short bead is gut

on plate by m stake, post-heating 500°C (930°F)~650°C (120(
Is to be performed or welding is to be carried out in l'engt
more than 50mm (2") after beads are ground out, and root
crack and heel crack are checked.
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9. TACK VELDI NG AND REPAI R VEELDI NG

El ectrodes are to be 50/ mmi (71,000 PSI) high-strength
steel and notices in regular welding are to be applied.

10. EDUCATI ON

~ Fitter and welder who treat HT. are to be given the
appoi nted education and to affix the authorized mark on the
cap which shows the conpl etion of education.

11. I NSPECTI ON

~ General inspections are the same as with mld steel, but
especially the following is to be paid attention to.

(1) Arc strike and short bead

1

(2) I'n work divisions A and B on Table 4, magnetic
particle test or penetrant test are to be carried
out for all welding |Iength.

12. OTHERS

1) Gavity welding is to be carried out after renoval
of zincrich paint on welded area

2) All pieces are to be mld steel and in fitting them
to HT., notices in regular welding are to be applied.

3) In Renoval of pieces, as_gouging_or-grindin% after
gas-cutting is to be carriéed out “instead of Using

hanmmer .

(4) If there is a little water on the plate, absolutelz
do not weld. HT. is especially sensitive to cracking
when there is water.

(5) If mld steel electrode is msused on high-tensile ste
t he wel ded ?Iace Is to be chipped out to 2nm (5/64")
fromplate face in depth and to be re-wel ded.

(6) Welding speed in first pass of the butt joint is to be

slow as possible to prevent cracking. \Were the gap

Is, it is especially necessary to conplete backing

strips and sl ow wel ding speed are to be secured.

(
(
(
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SHELL EXPANSION
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4. DIFFERENT AREAS OF WELDING BETWEEN LSCO AND IHI

A.

B.

Edge Condition
Velding Current
VWelding Method
Production Planning

Organization

c-32
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4..A., EDGE CONDITION

(1) MANUAL WELDING - TYPICAL

PLATE
THICKNESS 1SCO IHT
| Inch (rm)
REVISED
B251 B251
1/4 (6.4) S WL J b | {
1, A} ¢+ < 6
/472t ¢ 3/8
3/8 (9.5)
7/16 (11)
B254 . ~Er \‘-500 ﬁ‘/
5/8 (16) S "L/ |
I’ ‘\\
’ t£0/8
B - :
2V1 *60° / £3 6
11/16 (17.5 S_ 2 T :, .
) I o= :
1/16 - 1/8 q 7
t 11716 o & N0 Y ENG.OIL
- S § BED,
B2V4 ¥ 0 Y . Y v e STER
! R B
1w t b t > 26
11/3 - V“god”/
? . f VERTICAL
. t >11/16 3 t 4 POSITION
N . 1/4 ¢t 5& .
o AT
t > 23
V -_—
/ (350 BORIZONTA
\ i-so
N
t2> 13
Cc-33
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(2) SUBMERGED ARC WELDING - TYPICAL
PLATE
THICKNESS 1LsCco IHI (AIOI)
INCH (mm)
REVISED
172" (6.4) L (
1744t £ 7/18
7/16" (11)
Erec. t £ 17/32
1/2 7 . L1y
mani=y e
5/8 (16) . 1 X900~
/44 £ < 578 7/16{ t < 5/8 g e (
9
S < 9/16¢ t & 21/32
t ¢ 0.708"
g ¥
T el 'y
t jt
X oY v v L
& 45 . 50, L
1 (25.4) | ) 38 r ’.41/4-3 g AN
T T 11/16 ¢ 1-17/32
/27 ¢ ¢ am N " /
0.708" Lt £1" 6y =709 o, = so0
T a B
11/16-25/32 | 0.24" | 0.24"
¢
60° 13/16-31/32 | 9/32 | 9/32
3 -ii . 1 -1-1716 | 11732 | 9732
-5 4 15/32 to
1/ 3: 3/8) | 1326732 - 13/32 | 11/32
1-11/32 to
t Y 1/16" £21/16" 1-13/32  lass30 | 7218
1-7/16 to
1-1/2 9716 7/16

. C-34
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4. B. WELDING CURRENT i
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IHI MARINE TECHNOLOGY, INC.

Manual or FCAW

FCAW and manual welding

Manual welding

Electro gas arc welding

"

Manual welding

"

COZ one-sided semi-auto,

Same as @

Combined CO; one-sided &
submerged arc welding

Manual or FCAW

COZ one-sided semi-auto,

Manual welding

CES welding

Manual welding

-4 - .
4. C. VELDING METHOD
JOINT
STAGE NO. LSCO IHI
@ Two-sided submerged F.C.B, or R.F, one-
arc welding sided welding
@ 11] "
s Combined CO, one-sided
@ Manual welding and submerged are welding
@ " Nothing
Two-sided submerged arc
ASSEMBLY @ WElding Same as @
. COy one-sided semi-auto
! @ Manual welding (ETec. Joint)
i Two-sided submerged s
! @ arc welding ame as@
@ " ”
" "
@ n 1"
. Combined manual and- s s
i @ oh 4 CO, one-sided semi-autro,
@ Manual welding Manual welding
| @ Same as @ Fab one-sided welding
@ Manual welding Manual welding
@ " "
ERECTION @
W

Manual welding

C-36
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4.D. PRODUCTI ON PLANNI NG
(1) Production Planning by Wl ding Engineers

_ Fromthe initial stage of the basic design, weld
engi neers must study the wel ding application to assenbly
stage and especially to the erection stage

_ After pre-hull bl ocking neetin? t he wel di ng
application Plan will be prepared for the devel opnent of
working drawings.  Also, concurrently with production
engl neers,  through the production planning, the
production sequence will Dbe assured by wel di'ng engi neers.

(2) Welding Sequence Approva

Once intending to apply the new wel ding method or
to change the application, jt {s negessar to %ake tPe per-
m ssion fromthe re?ulatory after the confirmation of the pro-
cedure test in our Taboratory. —Regarding the gbove situation
and also in order to maintain the.%%equé%e mel8|ng sequence "’
and met hod, the follomnng_ltens will be taken into
consi deration by the welding engineering group

(a) Welding standard
1. Edge condition standard
2. \elding material application
standard with brand name

(b) Welding Manual in general
(c) Welding Manual for each wel ding nethod

After establishing or changing the above standard .
and/ or manual, wel ding engineers will take the responsibility
to informthe design and production engineers and then
educate the welder "and, it necessary, the fitter.

E. ORGAN ZATION

_ Qur principle of organization for hull construction

is the basis of the production process and/or stage, i, order
to meet the production flow instead of the craft. his
connection, welder craft is especially distributed {Reb
subassenbly in fabrication, assenbly and erection  .cpa tively
However, in order to keep and inprove the_meldlng$técﬁﬁlaue, '
the welding control group of Hull production control section
assists the construction manager for welding fje|( especi al | y.

c- 37
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9.

RECOMVENDATI ON
A. How to Achieve Good Quality

First of all we can say that the quality of hul

steel structures depends on the quality of weldin
joints. Assurance of mel8|ng quality ys rel at ed 90

several itenms as shown in Fig. i
be confirmed by the conpany’ s own JaB%?%tbF?nFegpPHédand
taken into consideration with wel ding engineers.

(1) Welding laboratory functions.

_ To establish the functions of welding |aboratories, it
w Il assure the welding quality as foll ows:

Techni cal research
Met hod i nprovenent
Procedure test and approval test
d. Education and training

Through the above functions, the wel ding engineer
has the responsibility for welding quality.

(2) Welding standard and wel di ng nmanual .

~In order to keep the adequate |evel of weldin
quality, the welding standard and wel ding nmanual o
each aPpIied wel di ng nethod, in which the nmechani cal
characters are confirmed by the conpany’s own | aboratory

%ﬁst%ng, sPouId bgbeﬁzablished and given to welders in
prgcegﬂpgolnatﬂgnac?ﬂa] f“&(f%tﬁﬁ%ﬁp H%'tﬁg PﬁﬂPSPHﬂafhﬁe§%g%.
(3) Edge preparation of the butt joint.

The standard edge condition of each Plate t hi ckness
shoul d be established for each wel ding nethod,

| aboratory testing. Each edge_of the jojnt shoul d pe
prepared with the burning machi ne as ch as possible

prior to fitting the joint. |p this connection, the
accuracy control activity, now set up in LSCo, will be
hel pful in pronoting the above nattePs. ’

(4) Subnerged arc wel ding.

In setting up the standard manual, it is necessary for
the follow ng:

a. Wl ding condition of each plate thickness

b. Standard run-off tab plate
c. Macro-etching test of each end

c-39
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9. RECOMMENDATION (cont.) -

(5) AC arc welding machine.
The AC arc welding machine should be equipped with

a remote control device in order to automatically control
the current when adjusting rod size and/or welding positio

Cc-40
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How to Achieve H gh Efficiency

1. Gavity Wlding Method and Vertical Down Wl ding for
Fillet Joint.

~ The éo}nrﬁ in hull steel structure consist of.butt

olnt and fillet joint. paeh ioint is classified jnto either
%Iap, vertical, horizontal or &verheag, according to the
wor ki ng posi tion

' are”sfiomn-n Tabl B8NYaanteLAiqlg REIGPTBGE" a3 28gaRas

in IH are shown in Tabl
position as hours per neter.

Through Production Planning, hull steel structures are

Sgglggd into units and the unit is further divided into
arepbugggsugngrg;eggs. %n other words, hull steel structures
_ lece to unit through the said
zggeggiemblg, asse@bly.and_erection. Welding per%ggézsies’f
v and erection is different, as shown in Fig Ae °

From the above dat a, : ,
performance standards aret@SfJﬁ%éowﬁgﬁcéﬁnaency of wel di ng

1. Fillet joint > Butt | oi nt

2. Flat position > \grtjcal posi tion
— (Overhead position

3. Sub-Assenbly Stage> Assenbl y Stage

— Erection Stage

On_ the other hand, the welding length distribution is

shown in Table 3, as an exanple . .
the following three itens equal abod€Cc9bdinRg ckft t B S af RBLRY di ng

| engt h.
1. Flat fillet welding on sub-assenbly:
I. Flat fillet welding on assenbly 30%
3. Vertical fillet welding on assenbly: %g$>
0

In order to achieve the hi ivi
L ) i gh productivity j i
tﬁr;: ;z;sgt;sitgg 1mprgve tge productivity Zflghzeigggg,
. ns. or the above portion, th i
sgisisgfgggégznwzgglgg met?od of the above pértignsiﬁglﬁzgasggy
'y °
methodt For gonn ol ems and 2, and "vertical down welding

C 42
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Fromthis viewpoint,. jt is necessary for welding

engi neers to

i nvol ve production planning” from the

initial planning.

(2) Subrmerged arc welding for butt joints.

(a)

One-pass wel ding nethod for two sides on

the panel assenbly. | djng sequence
standards are shown in Tablés 4 'and 5 for
singl e subnmerged machines and tandem
submerged arc wel di ng nachi nes.

Conbi ned nmethod with CQ sem -auto
meldinP on erection stage and curved
assenbly stage.

Wl di ng sequence standards are shown in
Table 6 for conbined nmethod with CQ
sem -auto wel di ng.

c-43
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HOUR/METER (3.28 FEET)
OFf BUTT JOINT

ot ey mete g e e

. TABLE L
FACE SIDE - fﬁCE SIDE +'§ACK SIDE s
Position|. P~ F . co
Plate - .W 0 N ﬁ@ onezside )
Thickness F H v (o] F H v F
mn__linch ) )
8 5/16} 0.5 0.7 1.0 1.0 1.3 1.4 1.9 °
9 0.5 0.9 1.2 1.2 1.3 1.6 2.1
10 0.6 1.0 1.3 1.3 1.4 17 2.2 0.83
11 7/16f 0.6 - 1.1 1.5 1.4 1.4 1.8 2.6 0.9
. 12 15/32] 0.7 1.2 1.6 1.6 1.5 1.9 2.5 0.95
13 0.8 1.3 1.8 1.8 1.6 2.0 2.7 1.0
14 9/16] 0.9 1.5 2.0 2.0 1.7 2.2 2.9 111
15 19/32] 1.0 1.7 2.2 2.3 1.8 2.4 31 1.15
16 5/8-1 1.1 1.8 2.4 2.5 1.9 2.5 3.3 1.23
- 17 1.2 1.9 2.7 2.8 2.0 2.6 3.6 1.3
18 23/32; 1.3 2.0 2.9 3.1 - 2.1 2.7 3.8 1.4
19 3/4 1.4 2.2 3.1 3.4 2.2 2.0 &, 0 1.5
20 25/32} 1.5 2.4 3.4 3.7 2.3 3.1 4.3 1°%
- 21 1.6 2.5 3.6 4.0 2.4 3.2 L. 5 1.7
22 7/8 1 1.7 2.7 3.9 4.3 2.5 4 4 B 1.7
23 29/32) 1.8 2.8 4.1 4.6 2.6. 3.5 5.0 1.8
26 15716 1.9 3.0 | &4 |50 2.7 l33 53 loaq
25 2.0 3.2 4.7 5.3 2.8 3.9 5.6 2.1
26 11732 2.1 3.4 5.0 5.7 2.9 4.1 5.9 2.2
27 11/16 2.3 3.6 5.2 6.1 3.1 4.3 £.1 2.3
28 137321 2.4 3.8 3.5 6.5 32 4.5 6.4 2.4
. 29 2.6 4.1 5.9 7.0 34 4 8 6_8 2_6
30 13/16 2.7 4.4 6.2 7.5 3.5 151 2.1 2.7
31 17/32 2.8 4.7 6.6 8.0 3.6 S.4 7.5 2.9
32 1 1/4] 3.0 5.0 7.0 3.8 5.7 7.9 3.0
33 3.2 5.3 7.4 4.0 6.0 8.3 3.2
346 111/32% 3.4 5.6 |_7.8__ 4 2 6.3 8 7 1.3
35 1 3/8| 3.6 5.9 8.2 4.4 6.6 9.1 3.5
Back Side - 0317 oflg 0?8 Plgzzd'rhuszk::znss to Be

Gouging hours not included
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HOUR/METER (3.28 FEET)

OF FILLET JOINT

TABLE 2

FILLET WELDING

Leg
Length

N

B

g

—4

2

inch

r

<

<
v

o

t N

7/32

1/4

9/32

5/16

11/32

3/8

=

OW|W |c [N [ ] |n

[
o

13/32

[
=

7/16

|
| ad

1=
N

15/32

(]
[Z

1/2

=
w

[
W

17/32

-
)

HHERFPRFHFIEBHIFRIFIOD OO lOO|lOo|lo|o]|o
NN W W =0 0 oo NIy o b e e L w

[
I
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W
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W
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TABLE 1

F: 50°V, GAP 2mm

V:
H:
0:
COz:

1
1t
"
1

1t
"
1t

4.5%, 5%, g%
4,5%
2‘54;’ Séy 6¢

GAP 4mm 1.6°%
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F: 90° GAP Omm
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IDURAETER (3.28 FEET) OF BUTT JOINT FOR ASSEMALY, ERECTION
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[T MARINE TECIINOILOGY. INC.

TABLE 3: WELDING LENGTH RATIO BY POSITION

(In Japan)

JOINT STAGE ﬁﬁg%g(; %) % WELDING LENGTH OF WELDING POSITION
FLAT | VERTICAL | HORTZONTAL | OVERITEAD
Sub-Assembly 2.17% 1.9% 0.2%
. Assembly 7.4 6.1 0.9 0.1% 0.3%
BUTT
Erection 5.7 1.4 2.1 1.0 1.2
Sub-Total 15.2 9.4 3.2 1.1 1.5
Sub-Assembly 31.7 30.1 1.6 \\\ ///
Assembly 43.0 26.0 15.0 \/ 2.0
FILLET
Erection 10.1 5.1 3.0 ///\\\ 2.0
Sub-Total 84.8 61.2 19.6 \\\ 4.0
TOTAL 100% 70.6% 22.8% 1.1% .3.5%
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‘ABLE 4 EACH

- 3—"—

T8

SIDE SUBMERGED ARC WELDING (SINGLE) IHI CONDITIONS

ROD 11S-43 A.4 nTn_

PLATE PLATE
IHICKNESS EDGE BACKING PASS FINISHING PASS ImHTCKNESS EDGE BACKING PASS | FINISHING PASS
PM © |l1pM .
INCH | mm | PREPARRTION 1A 1V [(ceM)| A | v {Ceu) ltnci | mm | PREPARATION alv (Ehmla v (EhH)
.]6 19.7 25.6 13/32] 10 720 | 33 ,21‘7 900 |38 23.6
1/4 530 34 |0 | 750f 34 (65) (55) (60)
9/32| 7 sa0| 34 [12:7 | goo| 34 [25.6[7/16|11 760 |33 [21:7| 920|3s | 228
— (50) 55) ( 58)
(65)
D 19.7 24.8 -1 |! 21.7
8 620( 34 [7°7 | Bs0| 34 [%9- : . 22
5/16 — (50) g3 [P/3212 | | [800 ]33 Lt oo lie (56)
.1/32
9 650 3a [ 027 | ggo| 34 |24;8 M2 1
(50) (63) 13 830 (33 (8557 os0(38 | 2L-3
3/8 —— " (39)
7/32 —
19,7 23,6
.3/32] 10 680 | 34 (50) | 900{ 35 11&60) [9/16] 14 .5 - 800 | 32 17.7 930 38 (19.7
9 45) 50
20.5 22.8 0
7/16] 11 700 34 920| 35 ; 6
52) 58 — 17
—_— { (58) 19/32|15 |4 l. 830 132 (43) | 9s0f30 | {35
21 21.7 7 17.7
15/32f 12 730] 34 950| 35 . _ 15.7 .
/3 S o |(53) (s5) |3/8 |16 |4 870 132 {40y | osol39 [45)
ROD US-43 . 4.8 DIA. FLUX PFH-45 8 0 14.6 17
21/32f 17 9 900 (32 (37) | 1029 39 ( 43)
14.6 14,2
23/32] 18 820 (32 (37) | 1104 36 {3¢)
3/ |19 |6 = 820 |32 ;3;6 1104 36 {33°
0 ﬂ
Iy ooit_AR n DAO

ONI ‘XDOTONTIOAY INIUVIL DX
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TABLE 5 IHI CONDITIONS SINGLE —aleranDEM
PLATE EDGE * PLATE EDGE
THICKNESS |pREPARATION BACKING PASS FINISHING PASS |THICKNESS | pREPARATION BACKING PASS__ | FINISHING PASS
IPM IPM IpPM IrM
INCH | M/M A V_IcpM) | A V__i(cpMm) |INCH | M/M A V__| (cpup A V__licom)
. ' ———1——|L{ 600 {32 |31.5|750 | 32 | 31.5
25/32] 20 830{ 32 |13.8 |1100{ 36 |12.6(L3/32| 10
———|r| 600 {36 [80) [750 | 38 {80
7/16
S ——71— || 650 {32 |31.5/800 | 33 | 29,5
/8 |22 | 1= 88o| 32 |13 |[1130]37 |11.8[15/32 13 A
A T| 650 {36 [80) 800 | 38 [(75)
1.7/32 700
7\0 : L| 750 |32 |27.6/900 | 34 | 29.5
L5/16( 24 | 7 9/16) 14 |4 — i
1 R 950| 32 [12.6 | 1200 37 10.2 | 750 |36 [70) [900 38 [(75)
g\ 7 9 —1]eso |32 |25.6 1000f 35 | 28,7
1 Rsa) 7T 960| 32 (118 | 1200 37 |10.2|3/8 |18 1, —Y :
9.4 408 T | 850 |36 [65) |1000| 38 [(73)
709 ' Uy L | 700 {32 |27.6{1000] 33 | 27.6
L 3/3p28 | 10_N\/ 6 _ :
9 1050{ 33 [10.6 | 1300 38 9.8 13/32|18 |6
9__ Ao & __{d>——|r]| 700 |36 [70) [1000] 38 [(70)
TN — ‘ 0%— | 720 |32 |26.8[1050( 33 | 25.6
‘1.3/1430 | o 1100{ 34 [10.6| 1400 38 |9  P5/32]20 g:
WA 8 o0 r (720 {36 [68) |1050| 38 [65)
70 +——1{0° 800 |32 |24.4|1100| 34 | 20.9
PR 09 5 _S L | 800 |32 |2 0
13/435 | 11 1150 34 [o 1400 38 |7.9 [L5/16;24 |7
12_ 40 10 r | 800 |36 [62) |1100] 38 [53)
w—,—F [900 [32 [19.7|1150( 32 |18.9
ROD US-43 6.4 pia, FLUX PFH-45 B, PASS L 3/3228 9C —-I
Ki-43 kB-14 F,PASS s_. fr [900 [36 [(50) [1150] 38 [4g)
702 . { 950" [32 }18.9{1200] 32 |15
L 1/4132 (9 —
13_6da—* |os0 36 fas) |1200] 40 l38)
ROD US-43  L:48 DIA, FLUX PFH-45 B, PASS



" IHI MARINE TECONOLOGY. INC.

co

2

ONE-SIDED SEMI-AUTOMATIC WELDING

(Flat Position 50° V-Groove of Mild Steel)

C-50

PLATE CURRENT VOLTAGE BUILD-UP
THICKNESS | PASS (4) (V) | “sEquUENCE
incg mm Gap.O!Gap.B Gap.6 {Gap.0 %ap.3 Gap.b6

: :
3/8 10 1 400 280 ! 280 36 26 26 I
' ' i
13/32 2,350 {330 |33 . 34 , 33 33| ) vy
i S SR S i
19/32| 15 1 400 | 280 280 36 | 26 26 g___<§5§;»__
l o
2~03 | 360 | 340 340 | 35 | 35-| 35 ~J
25/32] 20 | 1 400 ; 300 | 300 | 36 i 27 27 {““§§§§§7“
205 400 { 370 | 370 37 1 36 36
Pl 400 * 300 5
1 25 | i 300 36 27 27i &<€§§§§7
26 | 400 | 370 | 370 | 37 | 36 36 | e
1 i ;
1 400 | 300 | 300 | 36 | 27 27 |
1 3/16! 30 ;
2 400 ! 370 | 370 37 35 35 -
30101 400 | 400 | 400 | 38 | 38 38
1 § 400 | 300 | 300 36 27 27
13/8] 35 | 2 4o N\ Y=<
/ 0 | 370 | 370 37 35 35 T
3~v14 | 400 | 400 | 400 38 38 38 6
\L
Rod Dia.: 1.6¢
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COMBINED CO2 ONE-SIDE AND SUBMERGED ahd
ARC WELDING (SINGLE MACHINE)

(Flat Position 50V-Groove of Mild Steel, éap 3~ 5mm)

PLATE CO., ONE-SIDE SUBMERGED ARC
THICKNESS | PASS 2 WELDING BUILD-UP
: SEQUENCE
inch mm A v A v an/min.
SA|
1 300 27 r i
1/2 13 o, s
2 550 35 24 —\
1 300 27 sas
19/32 | 15 | 2 370 35 " \eo, 3
3 ’ 650 35 23 - f
1 300 27 ’ Si
23/32 | 18 2 370 35 sfo"ggii
2y N3,
3 800 34 22 ~
1 1 300 27 _ __Si
2 i 370 35 ( T\
2
25/32 0 3 200 33 co,,
A 850 34 22
1 | 300 27 SA
2 . 370 35 2 —
7/8 | 22 | 3 400 37 o N
4 900 | 33 30 (72 ©
5 900 35 26 : NV
1 300 27 ¥
2 370 35
1 25 3 %00 37 VA5 sz
850 33 30 o
S N ? 2\
7 950 36 26 e
1 300 27
d 2 370 g; _
3 400
13/1¢ 30 4 850 33 30
S ¢ ¢ ¢
9 950 36 , 26

Rod: US 43 - 4.89
Flux: ©PFH - 45 ¢-51



+~IHI MARINE TECINOLOGY, | NC
Ref. No. HP-085

VEMONMNDUM
vay 1, 1979

TO JOHN LABORDE/ LLOYD DELK
FROM T. YAMAMOTO
SUBJECT :  WELDI NG METHCD | MPROVEMENT

Through observation of the actual production field
and this discussion with welding engineering, we found
out several significant differences between LSCo's practice
and IH's practice for welding. Basically in IH, the
following will be taken into consideration:

1. The quality of hull steel depends on the
qual ity of meldin? joints.

2. Welding joint quality depends on the edge
condi tion.

3. The welding productivity of joint depends
on the welding position. (i.e. flat position
ingrea? of overhead position; refer to attached
t abl es).

4. The welding productivity. of joint depends on
the work stage (i.e. assenbly stage instead of
erection stage; refer to attached figures).

From the above basic consideration, the follow ng
approach will be proposed to inprove the welding method:

1 st Step

(1) On erection stage, overhead welding is to be
mnimzed as nuch as possible.
i.e. Butt and seamjoints of tank top plate.
Butt and seam joints of upper deck plates etc
(2) For manual welding joints on assenbly stage, edge
preparation is to be finished on materia
preparati on stage.
I.e. Internal joints of bilge plate.
Joint of girder plate, etc.

2nd Step

For manual welding joints on erection stage, edge
preparation fornglate is to be finished wth nachine
cutting on assenbly stage under the results of accuracy
control activity and also for internal structures to be
finished on naterial preparation stage.

C-52
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For the 1st step, the cost variance will be easily
confirnmed under |aboratory testing; for the 2nd step,
under accuracy control activity, it is timely to decide
t he wel ding shrinkage anount and cut off the additional
material prior to erection.

W w |l appreciate your consideration of the above
proposal s.

11t
Attachnment s

cc:. Cyde LaRue
George Sol onon
Gene Mayer
George Istre

c-53
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Ref. No. HP-082

April 23, 1979
VELDI NG APPLI CATI ON FOR SHI PBUI LDI NG

Basi ¢ idea on wel ding application:

1. To make edge preparation down hand wel ding bevel angle as
much as possi bl e.

Reasons: 1) Quality becones stable o
2) It is possible to make easy work position
3) Rate of deposition is large

2. To reduce deposited netal as nuch as possible.

Example: Change of groove angles; 60°v —> 50°y

Various nechanical tests, approval test and
accuracy control, etc., gare necessary for application

3. To reduce gouging quantity as much as possible.

one-sid

LAV LY )= NN/

4, To reduce work steps by automation as nuch as possible.

Notice: The prem se conditions on which above item should
be down are as follows:

1) Edge preparation to be finished on prior stage
by machi ne as nmuch as possible

2) Accuracy for unit to be inproved under
accuracy control activities

C-54
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IHI MARINE TECONOLOGY. INC.

ASSEMBLY STAGE
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[111 MARINE TECHNOLOGY. | NC.

Page 1
EXI STING FACI LI TY OF
ATO" S PIPE SHOP TN THI
EQUI PVENT NAMVE . SPECI FI CATI ON ANTI TY
' (Min.) ( Max)
Pi pe Bender - Type 2 ‘ 172" 2" (Sch 40) ) 1
Pi pe Bender -Type 4 in 4" (Sch 20) 1
N. C. Pipe Bender - Type 4 ' i 4" (Sch 20) . 1
Pi pe Bender -Type 8 3" 8"(Sch 20) 2
N. C. 4 point Assenble Machine 2" 2-1/2" 1
N. C 4 Point Weld Machine 1/om 2.1/ 2" 1
N. C. 2 Point Assemble & Wl d Machine 1/2% 2-1/ 2" 1
Automatic Pipe Racker 1/2" 2-1/ 2" 1
Digital cutting Mchine 1/2" 2-1/ 2" 1
Ginding Cutter Full 4’ 2
Pipe Coaster - Mdel wnec-108 E 1" 8" 1
Pipe Coaster - Mdel NPC-112 E 2n 12" 1°
Gas. Cutting Machine 3" 39" 1
0 co,- Gas Shield Arc Wl ding Machine (Capaci ty)

28
co, Gas Shield Arc Vel ding Machine 500A 5
D. C. Tungsten Inert-CGas Wl ding Machine 200A y
D. C Tungsten Inert-Gas Wl ding Machine 500A 1
A C shield Metal Arc Vel ding Machine 200A 7

D1



MARI NE  TECHNCLOGY,

A.C. Shield Mtal
Machi ne

A. C Shield Mtal Arc Wl ding.

A. C, Shield Metal Arc W

Machine
Over Head Crane

Over Head Crane

Over Head OCrane

Tower Crane

Tower Crane

Wa | | Cr ane
VWal |l Crane
Wa | | Cr ane.

Gantry crane
Gantry Crane

Cr an e Car

Fitting Slab

Pal l et (for shipnents pibe)

Pall et (for shipnents piece)

Lath (Beveling Machine)

400A

500A

(Mai n) (Aux.)
20 Ton 10 Ton

10 Ton 5 Ton
3 Ton  Not hing
2 Ton  Nothing
2 Ton  Not hing
2 Ton  Not hing
1 Ton  Not hing
2.5 Ton Not hi ng
5 Ton  Nothing
2.5 Ton Not hi ng
4.5 Ton Not hing
(Length x Wdth)
SFt. x5 Ft.
15 Ft. X 5 Ft.

3.3 Ft. X3 Ft.

P PN P DN R R e e e

30.
250
40
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(a) 1 ton - WAl Crane

(b) Press roller for manual weld

(c) Pipe coaster (Saddle branch cutter)
(d) Gas cutting machine

(e) Straight pipe fabrication jig.

(f) Automatic Q0, gas shield weld machine
(g) Welding table with turning saddle

In the above, (d), (e) and (f) are required for
the straight pipe fabrication rack in your-planned

new pi pe shop, refer to PF-23, dated April 3, 1979.

Furthermore, as your production quantity would
be required nuch nore in the future than at present,
some NC machi nes would be required.

D-3
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IHI MARINE TECHNOLOGY. INC.

I1. EXPLANATION OF THE PI CTURES

Automatical raw pipe (%", 2%") storage rack with
digital cutting machine.

A, Loadi ng System

Store raw pipes on racks by dianeter and
schedul e.

B. Unl oadi ng System
A-pi pe being cut is picked up, one by one:
c. Cutting System
nggéd'”p pipe is cut according to nunerical
Every activity described in the above is done
automatically.
D. Capacity
Storage capacity: 63-2 tons
Dead Weight: 31-0 tons

2. NC Assenbl e and 2-Poi nt Wel d Machi ne

Assenble fittings and cut pipes supplied by “Digita
Cutting .Machine”, and weld.  This is controlled
nunerically.

A Assenbling Stage consists of the follow ng:

a) Pipe robot

b) Fl'ange robot
c) Flange bolt hole detector (FHD)
d) Flange checking machine (CM

B. \Welding Systemconsists of the follow ng:

a) Welding torch #1 and #2
b) Turntable

D-4
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C. Capacity
Pipe dia. : 225"
Pipe length: '6"N3' 3"
3. NCAssenbl e Machi ne

Assenble fittings and cut pipes perform tack
wel di ng.

A Assenbling System consists of the follow ng:

b) Flange bolt hole detector (FHD)
c) Flange checking machine (CM

§a§ Fl ange robot
B. Capacity
Pi pe dia. : X, 2%

Pipe length : 33 13/32"~18’

4, NC 4- Poi nt Wl d Machi ne

Wl d assenbl ed pipes by “NC Assenbl e Machi ne.”
Weld 4 points at the same tine.

5. NCPi pe Bender -- Type 4

Bend_ pipes' (1"’\/ 235"_) after asse_m‘h‘lv anA rvialA
Bendi ng angle, bending start points, turning
angle and etc. are controll ed.

A, Specially Equi pped Mechani sm
(a) Check device
Check flange to set bending start points
and turning angle.
(b) Flange bolt hole detector (FHD)
B. Capacity
Pipe dia. : 1"~ 4" (Sch. 20)
Pipe length : 1 7 11/16" ~I 8

D-5
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6. Straight Pipe Fabrication Jig (for smal

Set fittings distance on both sides of a pipe.

pi pes)
Manua

tack wel ding

A The jig consists of the follow ng el enents:

(a) Flange setting plate (Fixed side)
(b) Flange setting plate (Mving side)

(c)

Moving rack for pipe supporting

B. Capacity
Pi pe dia. ¥ 'nu2%"
Pipe length : 3 3 13/32"~1 8
7. LLtom _varl crane
A Capacity
(a) Max. | oad 1 ton
(b) Max. Height 20’
(c) Max. Reach 32" 9 11/16”
8. Press Roller for Manual Weld
Rotate pipes for manual welding. Pressed rollers

are equi pped

A Capacity

Pi pe dia.

9. Pipe coaster

to rotate curved pipes.

1/2H ~8”

Cut saddle branch pipes automatically.
(maker’s catalog is attached)

D-6
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10. Gas Cutting Machine

Cut pipes by gas turning on roller. Beveling
ossi bl e.
A Capacity

Pi pe dia. 3" ~32"

Pipe length : Max. 20’

11. Straight Pipe Fabrication Jig for Big Pipes
A Capacity
Pipe dia.

Pipe length : 3 ~18

12. Automatic CQ Shield Wl ding-Machi ne

Vel d automatically 4 points at the same tine. The
pipe is rotated by the roller.

A Capacity
Pi pe di a. : 3"A24"
Pipe length : 3'~s20°

13. Wl ding Cable with Turning Saddle
Fix a pipe and weld turning around the table.
A Capacity
Pipe dia. . 72" ~8"
Pipe length: depends on shop

1. RECOMMENDABLE EQUI PMENT TO LSCO

Consi dering the scale of planned and existing pipe
shop in Livingston, recomendable equipnent is as follows:

D-7
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(4) wutilization of benders

As above nentioned (3-a,3-b), it is evident that the utilization of
the benders isdefinitely effective for the pié)efabricationt
However, sone existing systems in the fiel

of engineering and production
are not suitable for the application of the bendin

or t . . (? system
Therefor followng items have to be investigated:

Ea; Drawi ng system for pipe fabrication.

b) Pipe fabrication flow — (|ncluding materials flowand

delivering system for fabricate p|gpes.5

Ec; Control system for pipe fabrication. o

d) Necessity of new benders, because type of existing benders
are so old that it is hard ot keep high efficiency, high
accuracy and easy operation.

Item (4-d) is a principal

: _ ~matter to establish an effective bending
System ~ Please investigate item (4-d) as soon as possible. Ve will
fully assi st on these subjects.

ss/ py

cc: Ed Paden

\Yg

M. Joe W se

M. Ron MKenney
M. Frank Laudano

D-8
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Ref.-1

Q,UANTITY O'F PIPES

J:RQH DL:SJ[;—H DATA 0F_IHI F -32

ZDNE LOCATIOMS

2 r—'3 -2
Neal 2 (
L : D

Exc_ $er TNC VIPE, and_Cu PIPE Jess then 3/§

STAGE SuANTIT 2 3 4 "e. -_ToTAL,
THE_NUMBER. 432 — (30 si_ "2.23%
MODULE |LENGTH — yds. /314 R | 3022’5 - 2342
VIEIGHT —18S. 371445 — 753J:§’n 125782
i THE_NUHBER 1235 707} %_430 4322
HILLUNAT. | LENGTH — yds. 3619 1247 ' 4994 - 9330
WEIGHT —1bS. (32423 (7044 { u;g?SJ 271562
| |THE NUMBER 205 358 74y 1274
ON-BOARD! ) ENGTH=ydS. ze7l i 37l " 1203 1745,
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T

% The. 3ua.ntlty\jn...ZDME.4-_;represeniJ&ﬁm:s_'_o.s_muchﬂ;m .
‘___q,ua_ntxty__o{ JHL E=32 by reasoh. .of the dxfference..sf.speuﬁco.npn,m
__ between IHIS _and_1SCO_.
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Ref.-2

ESTIMATION TR LSCO F—$Z

_CONVERSION FRoM IHI DATA To RESPECTITE ZOVE IN 1.SCO . .
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Ref.-4

, - PIPES APPLICABIE BENDER =~ -

TRoM_DESIGN DATA. OF _IHI F-32 RS

DIAMETER_ | Piees %

L . 'f-,:" 572 /7607 -
o 5 4.3 L2

' 1 3321 230 P
'é; 730 2./
27 5e8 JN
: 2t 257 71
’ Lot 37 ‘ 248 BT
' .4 i 255 7.0
5 ¢7 LY
4 73 2.0
’. 2 ' 39 LL
y \ I0 2 o]
) " TorTaL 3£22| oo )

‘_(]ﬁ&MUﬁ.B..E&aEALLﬂEéS PER__.sHIP ¢ T894 )

% The_nuimber of PipE.S_is indicsted  0s the <ummation of

the number of _cvery yone in a_ship
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Tel: (212) 267-5650 March 12. 1979 . Suite 1830
0 TWK: 710- 581- 2758 100 Church Street
) George G Sharp, Inc. New York, NY. 10

EiH Yamanot 0
ATTENTION:.  Clyde LaRue
SUBJECT: Total Scope of Devel opment for Pipe Shop

Fromour observation through the last three (3) weeks, we have found that your new
Pi pe Shop shoul d be devel oped in accordance with the fol | owing procedure:

(1) Productivity” S“'%'.;aSk i

(2) Production Method 3-2

(3) Establishment of Capability of Each Stage 3-2 & 4-2

(4) Establishment for Each Stage Area 4-2

(5) Consideration of Pipe Shop's Lay-Qut 4-2
Hereafter, this dé&ription and schematical expression in detail is attached.

q_. 3%

Therefore, since the sequence would be the base of our assistance, please investi-
gate the application of the above itens.

EY: bb

At t achnment

CC. Ron MKenney
Ken kittrell’

D- 14
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DEVELOPMENT PROCEDURE OF PI PE SHOP

**Presuppsi tion: Every devel opment shoul d be done consi der -
ing the future nodification towards an
I deal i zed shop.

Productivity

1.1 Establishment of the productivity target
(a) Quantity of Production: No./Day, W T./Mnth
(b) Estimation of the work quantity in each stage
* cutting
¥ Bending
* Fabrication
¥ \\| ding
. ¥ Finishing
Tr eat ment
Mar shal | i ng
¥ Mterial Handling
1.2 Design Base
Physical characteristics of manufactured pipes
i) Bul ker
.(a) Average nunber of lengths, each size.
(b) Average weight, each size.

(c) Maximm |ength, maxinum weight.
ii)  Oher types of ships

(@), (h), and (C).- Same as the above mentioned.
iii)  Future nodifications for higher producibility

[, Production Method

2.1 Investigate the nmost suitable production method

D-15
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2.2 Consideration of suitable fabrication methods conplying with
physical characteristics:

(a) Storage Method

(b) Cutting Method

(c) Fabrication Method
(d) Welding

(e) Pickling

Etc.
2.3 Consideration of process contro
(a) Process Control Sheet
(b) Pipe Cutting Plan
(c) Instruction Sheet for Connecting Sub-Assenbly Units in Shop
(d) Instruction Sheet of Palletizing
2.4 Manufacturing Fl ow
(1) Concretely draw up the flowchart of the fabrication process

(a) Establishment of the main manufacturing flow

(b) Consideration of the effective fabrication sub-Iine

Establishnment of Capability of Each stage

3.1 Determne “bottlenecks” of stages of operation and consider
| nprovenents to maxi mze total efficiency.

1)  Capability of each stage are decided in accordance with the
condi tions of the above mentioned"(l.1 (p)".

Establ i shment for each stage area

a). Facility Space
b)
c) Buffer of Stage to Stage
d)

wor ki ng Space

(
(
(
(d) Aisle -\Ways and overhead crane safety passageway

Consi deration of Pipe Shop's Lay-Qut

D- 16
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5.1 Flowing direction of overall Pipe Shop is decided
by neans of the sequence of operation in the Pipe
Shop and exit of shipnments manufact ured.

5.2 Also, the entrance of fittings for pipe fabrication
shal | be deci ded.

5.3 They are established to apply to each stage area as in
Item “4" above

D-17
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TTP REPORT

TASK 3 PLANNING AND PRODUCTI ON CONTROL
TASK4 FACILITY AND | NDUSTRIAL ENG NEERI NG

((OUTFI TTI NG

CONCEPT AND APPLI CATI ON OF PREQUTFI TTI NG

OCTOBER 1980

PREPARED BY
SHUJI SATO
I|H MARINE TECHNOLOGY, |NC
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|, Introduction (Qverall view of total outfitting system

1-1  Zone OQutfitting

Qver three decades ago, shipbuilders in Japan were obliged to nake
effort to shorten construction period according to demands of the
shi pping worl d.

, Consequently the above effort, which has been done very successfully,
i's also recognized to have produced such henefits as:

inproved safety
reduced cost

better quality
adherence to ‘schedul e

. The shortening required to improve conventional sh|pr|Id|n% styte
in both steel and outfitting areas. “Hull Block Construction Method”
(HBCM in the area of steel construction made a great contribution to
}he %Tove, particularly it shortened the period between keet-lay and
aunchi ng.

In the area of outfitting, on the other hand according to a demand
of shorten[n?_the period between launching and delivery, concept of
“Zone Qutfit |ng” Played the same role as HBCM Conventional outfitting
i's inmplemented Y unct i onal s¥ften1 and nostly done as areas of the ship
become structurally conplete thereby concentrating outfit craftsmen
In confined spaces over relatively short periods, especially between
launch and delivery. Under the above circumstances, therefore, the
artifice of the shortening is nothing but increasing interference
between crafts. The benefits mentioned in the above could not
possibl'y be produced as consequence.

~ Contrarily, zone outfitting is an attenpt to shorten total construction
Per|od_through overlapping of steel and outfitting, illustrated in figure
-1, without “interference between them

K L D
Steel g Outfitting
Steel g N
Outfititing
Figures |-1 o
OverTapping of steel and outfitting
enabl ed nmore than 50% compl etion
A of total outfitting as of |aunching.
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The HBCM has a logic orienting zone-by-zone construction rather
than system by-system Grealb Part of construction work is. shifted
from e\rl\ﬁpthon site tod shops being broken down 1nto appropriate size of
units which correspond to zone. it
and materials can be cFi)eI lvered to V\Arnk SQPP%SII tqu'isckﬁa); eénd%%%?]%rm caeﬂdl 3t/.00| S
The shifting of work permts nore freedomin applyl ng, a logic work
break down structure to achieve more uniform producfion flow. Zone
outfitting is a method devel oped under the same |ogic.as HBCM

Zone outfitting which addresses everything within a limted 3-

di mensi onal space. It frees outfitting as mich s R}ossi ble from
dependence on steel construction progress and from arbitrary control

as ships' systems. The zone approach permits and encourages most of
the OUE[)fItt¥ ng to be accorrphgﬁeg earPler anda| n s'hops [ SOIe pPaces

other than erection siteit is product oriented in that it ignores
systems during the construction pﬁase and 1 ndt ead focdluseson

roduction of “interim product i ies i ]
gti ng various pieces of sypst ens, gﬁgstehenmln%?aﬁrgd e rﬁgl Shiortest Ot he

at the erection siteThe resylt js not only shortening of  buildin
eriod but also safer vvorhk, reduced cost, etYer quaﬁty,g and adhererce
oatfsicthteidnug; es. Fig. I-2 sunmarizes the goals and benefits of zone

A zone might correspond to a compartment or.even an i '
n integral
part of a compartment such as a cargo hold or machinery space gnd their

TO REOUCE THE
OUTFITTING PERIOO

TO MINIMIZE
OUTPITTING o MTLIEY
On-804R0 FLANNING
rumross oF
ZOnE

OUTHTTING
TO AVOID TO Al
INTERFERENCES lgFlg"(I:th g:!A"R
BETWEEN TRADES ERECTION CRANES

8 REDUCED OVERMEAD WORK
& WPAOVED LICHTING
® REDUCLD WORK N KIOM PLACES

® IMPROVED VENTILATION
@ IMPROVED ACCESS TO WORK nrE
© MMPROVED FACILITY UTILIZATION

8 IMPROVED SAFETY

8 WPAOVED WORKING ENVIRONMENT
& MIGNER FROCUCTIVITY

® JITTEIR QUALITY

Figure I-2:  Goals and Benefits of Zone Qutfitting

E-4
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subdivisions. An entire structure, or just one of its levels, could

be a zone even though a nunber of conpartnents are included. Also,

a zone coul d enconpass partial regions fromtwo adjacent conpartments
even though separated by a bul khead. Thus, a zone is any sub-division

of the planned ship which best serves for organizing informtion needed
to support” outflttln% at a particular stage of construction. Zone
outfitting features three basic stages: on-module. on-unit. and on-board.
In this report, hereafter, on-modul e outf|pt|ng and on-unlE’are
generically called “preoutfitting”.

Preoutfitting

Preoutfitting can be categorized mostly into either on-nodul e
or on-unit outfitting.

, Eh-nnd¥|e ou%fi%tin% isdthe a%sengly of an gnterim product
consisting of manufactured and purchased conponents. i
interim products of on-module outfitting are categor|zg@dHhF8 MﬂECh are
fol | ow ng groups.

|. Machinery Mdul es

Centering to the nachinerﬁ, various kinds of material are
conpact|y assenbl ed together founded on machinery foundation.

bal | ast punp nodul e _

feed water punp nodule (figure I-3)
F.El purifier nodul e

etc.

FIGURE I-3:

Feed water pump
module

ASUBSDIARY OF ISHIKAWAJIMA.HARIMA HEAVY INDUSTRIES CO LID TOKYO JAPAN
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2. Geographical Mdul es

Consi sts of pipes, which are main structure of this type of
modul e, walk ways, wire cable ways, and etc.

. pipe passage on deck nodule
: p|tpe passage on engi ne room unit
. efc.

3. Steel Combination Mdul es

Combi nation of module assenbly and steel structure.

engine flat modul e Fi -4
tar?k modul e (Figures 1-4)
etc.
etc.

T 3 T T .
-k’}.:;zkjh .

AR5 SN
- ™ e .

RSl N

> N
2 TSN N -
:“5%§§§3ﬁ¥$§ 2 312

Al AT T
"'lf?i\:m;_‘“:_.ﬁ& o~

-

Figure I-4: Lower Engine Flat Mdule
- (Steel cgmbination modules)

A SUBS T ARY OF ISHIKAWAJIMA-HARIMA HEAVY INDUSTRIES CO LTD TOKYO JAPAN
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As on-nodul e outfitting can usually be done apart from steel
construction, it is allowed to be performed in shops. Shop work
provides ideal climate, |I?htlng, access and equi pment, and consequently
Increases the opportunity for inproved safety, quality, and productivity.
The above is the best advantage of on-nodule outfitting. Therefore on-
modul e outfitting should be ?|ven.the hi ghest priority even though there
IS some inpact on steel construction progress or even on hull design.

%ne of the Fx%gples of hull design modification isillustrated in
igure |-

E‘.‘i,;;‘?.g NG D D h IOty Whas
3 P iy SR RN
VIR VRS TS BN B s e
NS \ S o e Tl

R . " U =31 TR

: AN
e/ -4553%9 Figures I-5. ,
S5k P X STeel construction of inner-
..J bottom tank top. (Engine room
Side shell and bul'khead are
*Yelevated 6 to 10' to avoid
=4 interference between nodul es
*and side shell web at side
. shell erection

- On-unit outfitting is the installation of outfit conponents onto a hull
unit during its assembling and/or after its conpletion. [t is the next
alternative to on-npdule outfitting. On-unit outfitting may be done on
a hull assembly slab, a unit my be noved to an inside or outside area
designated for” outfitting.

_ Though on-unit outfitting requires good coordination between stee
outf|tt|nP,and painting, it provides much better working circumstances,
accessibility, and usability of equipnents. Above all, on-unjt outfitting
on engine flat units produces great deal of henefit because of material
concentration beneath flats and applicability of downward installation
on units inverted with top side down. Figure I-6 illustrates on-unit
outfitting on one of engine flat units.

E-7
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Figure -6: On-Unit Qutfitting on Engine Flat Unit

. As.a consequence of preoutfitting on-hoard outfitting includes., and

i deal |y should be |imted to, the connection of modules and/or preoutfitted
units,” final painting, and tests and trials. However it necessarily
includes some installation of outfit conponents in a hull at erection

site or ou1{|tt|p?_qgfr, whi ch cannot be productively incorporated on-nodul e

or on-unit outtrttingFiqure 1-7 illustrates schematic relationshi
bet ween on- nodul e, O%-U%Ht, and on-Hoarg outf|ttpﬁg. P

E-8
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ON-UNIT

L
— =

on-board outfitting.
fitted on-board

Preoutfitting among zone-outfitting has significantly contributed
to the productivity gains. Figure |-8 summrizes the objective and
benefits, ie.mninize |owefficiency on-board work and “maxim ze

high efficiency shop work in order to reduce the overall tine required
to build a ship

C ﬁ>
(7 7 om0 )

‘ ‘ < OUTFITTING EARLIER j

A,

eoats Q‘ WIGHER PRODUCTIVITY CAN BE EXPECTED {

11 TO MINIMIZE WORK ON—BOARD 1LOW EFFICIENCY WORK) A
INCREASE WORK IN SHOPS IHIGH EFFICIENCY won‘gg X1 anpTo
2! TO COMPLETE WORK ZONE=-8Y~ZONE IN ORDER TO
SIMPLIFY MANAGEMENT CONTROL, -
3] TO AVOID INTERFACE PROBLEMS WITH HMULL CONST
PAINTING AND THEIR ASSOCIATED WORK ’Rméucnon AND
4) TOIMPROVE EFFICIENCY OF FACILITIES, SHOP, WA YS/DOCK, AND

OUTFITTING MERS BY EARLIER OUTFITTING anN
APPLICATION OF QUTFIT MANPOWER. O MORE UNIFORM

Figure 1-8 Summary of Zone Qutfitting Goals.
Pal | etization

(ne of indispensable systems for effective zone-outfitting is a

concept of pallet. Literally a pallet is a container in which materials
are to be contained and to be transported to work site for installation,

figure 1-9 illustrates a pallet used most comonly and pallets getting
ready to be shipped with pipes in them

L]

E -9
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Figure 1-9: Pallet used in IH AC
Shi pyard.

.On the other hand the word “pallet” also refers to a unit of
materials identified by zone, and to a unit of-work specified by zone
It is a conceptual approach that allows information fron1de3|?m
material and production to integrate so that the various functions can
have a comon understanding of ship building managenent and/or control

Following is the sumurization of the above.

1. To handle materials conveniently
(for easier stowng and transpoitation)

2. To control material by groups from design to warehousing
through purchasing

3. To ganage production regarding a pallet as a unit of
j ob.

The report, witten by M, Yukinawa, has described in detail about

1ne | €n by M.
pal | etization reconnEndln%waEpllcable style of fallet|zat|on effectively
related to the existing “Wrk Order Systent of LSCO

E-10

A SUBSI DARY OF ISHIKAWA JAIMA HARIMA HEAVY INDUSTRIES CO LTD TOKYO J4PAN



IHI MARINE TECHNOLOGY. INC.

| -4 Conposite Draw ng

Another indispensable el enent for effective-zone-outfitting is
“conposite drawi ng.”

The steps developing the design is as fol | ows:

A Schematic piping Functional design Scant!ling
di agram desi gn
\/ \ A 4
B.  System-arrangenent Machi‘nery Fabricatron plan
(piping, ducting, Arrangenent (for conponents)

wiring, and etc.)

\ \l’ g
C. Conposite draw ngs

Step Ais a segnent of functional design without specification of position.
Steﬁ, B specifies the rough position or dimention for the actual system
machi nery or some conponents. Step C conposite, draw ng, slpemfles ,
position, with an interrelationship of all mterials and hufl construction.
A conposite draw n? covers an area including single or several sub-zones,
in other words pallets, and accordingly all work acconpanied with all
materials in that area. |f the conposite drawing cannot include all
materials and systems in that area palletizing (T.e. zone-outfitting) may
be inconplete.

The report, witten by M. Mchida, has described in detail about
conposite drawing with precious knowhow in devel opment of LSCO F-32
conposi te draw ng.

Preoutfitting Productivity

Table I1-1 shows productivity comparison hetween preoutfitting and
Bn.—lbtoa.rd |O|£|j|tf|tt| ng taking the case of engine room outPitti ng of F-32
uilt in IH.

E-11
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TABLE I1-1:

Productivity comparison table (Engine Room Outfitting)

-
-~ (Sno. 2581 1st F-32 Built at Aioi Shipyard IHI)
Categories Parametric =®
Weight (T) Manhour Efficiency
(H) (H/T
On-~ Main floor modules 46.1 980 21.3
Module Modules with cooler flat 6.2 190 30.6
Other modules 40.0 484 12.1
Welding - 230. -
Crane operation - 170 -
Sub-total 92.3 2054 21.6
On- Inner bottom units 4.3 215 50.0
Unit L.E.F. & U.E.F. Units 12.1 698 57.7
Main Deck Units 16.7 782 46.8
in Casing 16.9 979 57.9
Side Shell Units & Other Units 17.5 525 30.0
Helding - 710 -
Sub-total 67.5 3909 57.9
Preoutfitting Total 159.8 5963 - 37.3
On- : Piping 18.7 3078 164.6
Board Steel Fitting 21.5 2240 104.2
Others 6.9 1430 207.2
Welding - 930 -
Sub~total 47.1 7728 164.1
Grand Total 206.9 13691 66.2

Short ton: Weight of material such as pipes, valves, foundations, vent-
: jlation ducts, and so on, which are considered to have linear
relation to manhour spent to install them.

The above table manifests the superiority of preoutfitting over on-
board outfitting, i.e. on-module outfitting has 1/7 of on-board outfitting
H/T, on-unit outfitting has 1/3, and totally preoutfitting has 1/4.
Further 159.8 tons (77%) of total outfitting weight in engine room,

206.9 tons, is preoutfitted.

E-12
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Fi,?ur,e I1-1 illustrates. efficiency interrelationshiP_ het ween
preoutfitting, on-board outfitting, and total. Each efficiency changes
depending on preoutfitting ratio. The on-board efficiency increases

(goes down in the graph) untill preoutfitting ratio reaches 60% thereafter
reduces (goes up in the grar)hz rapidly. The preoutfitting efficiency

shows tendency relatively flat. However, the total efficiency steadily
increases (goes down in the graph)

S as far as 90% of preoutfitting
———— ratio. The total efficiency Incre
wf ; (goes down in the graph) particul ar
\ ; In the range fromWto 50% of
’ . ! Freoutf|tt|ng ratio. |t suggest
, \\ [ / hat preoutfitting will prove its
: —~ N ) supemLIJFFh_LF_I_OH Y Even al (Ne Initia
~. S STage of I (S _apprication. .
_ \\’v The above 15 ONe of the main
s | \ reasons why preoutfitting is highl
§ s " recorrtnfrantdted to LSCO tF%thrger, ||f.
£ T e © preoutfitting were not to be appli
N AN T a vast sum o? manhours woul d be
i — expected.That is to say, “the
\\,,,.mm,enm,:,r nmore preoutfitting, the nore”
1 _Tabie II-2 shows how pre-
' outfitting raises conpletion deg
) of outfitting as of launching, in
- coTrESEERe e ot her words, how preoutiitting

contributes to the shortening «
bui |l ding period..

Figure Il-1Efficiency Interrelationship

E-13
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TABLE [1-2.  Conpletion degree as of |aunching

111.

111-1

Sno. 2581 Ist F-32 Built at Aioi Shipyard IH

Section Tot al as of Launching
o wight © | TRV 384.2"  (49.7%

ittin ; ;

! Manhour 14748 9188"  (62.3%
Accommodat i on 6@{&#?9 2412 155.6"  (64.5%
Qutfitting

Manhour 13850" 6828"  (49.3%
j Fitting 206. 9' 152.5' g
Engi ne : : 73.7
Qittitting Vei ght 5.7
Manhour 18893" 11978" (63. 4%
Fittin T
Bectric el ght 78.2 50.4T  (64.5%
ittin
! Manhour 11831" 5607" (47. 4%
FITTINg : T
rotal Weight” | 12994 742 70 (51.1%
Manhour 59322" 336618 = (56. 6%

. Beferenqe 1 attached is an evaluation of preoutfitting in LSCO
which i's the Nbdufe 701 and 702 of Hull 751. The evaluation is mainl
done through the view point of manhour spent and saved. The nodule 701
gggsgéﬁ%ﬁ%?§enbly I's considered to have resulted in 3,500 hours sating

O-modul e Qutfitting

, Hereafter, recomendable style of on-nmodule outfitting in LSCO is
di scussed refering to that of IH"

Production planning for on-modul e outfitting

~ Production plannin%, both for on-module outfitting and for on-unit
outfitting, should undoubtedly be of hl%her productivity, inproved safety,
and better quality oriented. ~ For the above, the followng two points shoul
always be of under consciousness of men in charge as a baSe line of the

pl anni ng.

1. Totry to fit as nuch material as possible at preoutfitting
stage, either on-module or on-unit.
(To mnimze on-board work)

2. To try to make preoutfitting itself most effective.
(The more, preoutfitting ratio increase, the nore it
becones inportant)

E-14
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II1-4 Modul e assenbling procedure

General ly a modul e consists of followng materials:
1. Machinery
. Machinery foundations
. Tanks

. Pipes, supports, valves, strainers, and etc.

Ladders
. Electric devices

2

3

4

5. Wl kways (including handrails)

6

7

8. Electric cable, cable hanger and tray
9

. Parts of steel construction such as stanchions,
web frames and etc.

10. Mscellaneous fittings such as thermoneters, gauges.,

11. Painting

On- modul e outfittin% requires various kinds of material to be
assenbl ed together, in other words most crafts to be involved, and has

to be worked out in relatively short time. It is out of the question

that the above requires good coordination between crafts to avoid trouble
caused by interferences between crafts, or time |oss caused by cIunBY wor k
succession fromone craft to another. Therefore work procedure has to be
studied and established before work start.

The typical and basic procedure is illustrated in figure I11-12.

Reference 3 is pictures, taken in IH, illustrating modul e assenmbling proced
In reference 4, the role of prefabricated supports both for Flges
ab in

and for floor plates, is of remarkable. They are arranged on the s
early stages of the assembling and work as:

1. Pipe positioning

2. Pipe supporting (literally)
3. Floor plate positioning
4

Floor plate supporting (literally)

E-15
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FROM PIPE SliOP
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PIPING
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PAINTING
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INSTALLATION

FOUNDATION | MACHTNERY
1 serminG | SETTING
PIPE
S| suppoRT
SETTING

A

|

h 4

FLOOR PLATING

A4

MISCELLANEQUS
© FITTING

n

FROM PIPE SHop

FROM WARE 1IOUSE

(MACHINERY, VALVES, STRAINERS, BOLTS & ETC.)

Fiqure III-12:

On-module outfitting procedure
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The positioning roles of the above allows to sinplify assenbling
procedure and to save many manhours. In part of reference’5 & 6, the
practical planning of positioning support is described.

Though the basic procedure is much the same for nost modul es,
the study and establishment of detail procedure must be done for
respective nmodul e pased on working drawing. It is a b|? part of

roductive _production pIann|n% as mentioned in cha?ter [TI-1.
eference 7 is an exanple of or the nodule 701

and 702.
I[11-5 On-nodul e schedul i ng

he detail procedure

. Reference 8 is some exanples of schedul es of nodul e assenbly
inIH. It consists of the follow ng:

1. On-nodul e long term schedul e
2. On-modul e nonthly schedul e
3. Slab usage plan

4. Pallet deliverly schedule

Fiﬁure I11-13 illustrates scheduling procedure of the above among
total scheduling flow of IH, and which is also reconmendable to LSCO

- As modute assenmbly slab is., or nust be, well equipped, 100%
utilization of the slab has to be considered in schedu |n?: Therefore
if the total number of nodule were not enough for 100% utilization of
the slab, some other works, such as on-unit outfitting or even fina
assembling of steel, have to be considered to be taken on.

[11-6 Mdule assenbly facility

Hypothetically, in this chapter, how facility and equipments of
modul e assenbly area should be as a part of the "Gate System is discussed.

Modul e assembly area nust be satisfied follow ng conditions:
Location

1. Convenience for smooth flow of mterial.
-Not too far away from pipe shop, fabrication shop and
war ehouse-

2. Convenience for installation of assenbled modul es.
-Wthin the reach of dock side crane, if possible-

E-17
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Shipbuilding
. Master
- _ Schedule
T T T T e e e e e e e o e — --
'Steel 1 N
, Master ! Outfitting
L Schedule | Milestone
_____ ---=-3 Schedule
reT LT
Steel v
Erection i+t
1 1
1Schedule: Ouﬁzzﬁgl"g
; Schedule
L
J
\/ : \/
On-Board ! @ On-Module
Outfitting : Longterm
Schedule X Schedule
!
WV v \4, N % E .
@ Hodule 3) Monthly @[sTab Usage | GlPaliet Material
Installation Schedule Plan Delivery Control
Schedule Schedule System |
7
® Weekly
Schedule

Figure ITI-12: On-module scheduling procedure among total
scheduling flow of IHI.

D @,3, @ and® are prepared by staff level.
is prepared by foreman or assistant foreman level.

E-18
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(Equipment)

1. Firmand flat slab with enough area to cover whole nodul e
assenbl ing planned. . .
-In addition to the above some area for material preparation
| S needed-

2. Crane(s? exclusively used for internal transportation of
material and for assenbling.

3. Ceneral utilities such as electric welding machines, gas
and power air supplier.

4. Building with removable roof, if possible.
(a) Location and material flow

FiPure [11-13 illustrates recommendable |ocation of the nodul e

assenbl'y area and material flow Al though the south end of the

gate 21, which is assigned for steel conponent assembling in the

?ate system is utilized for the nodule assenbling at this tine,
he reconmended |ocation has more convenience for mterial flow

Advantages are as fol | ows:

1) Easier transportation and communication with pipe shop
new y pl anned.

2) Coser to the warehouse.

However, the rails of gaMrgcrww which is presently - servicing
the gates 21, 25, and 17 nust be extended up to the north end of
gate 22 for the transportation of assenbled modul es.

(b) Assembly slab

Figure 111-14 illustrates typical construction of the module
assenbl’y slab. It will provide enough strength and workability

The necessary slab area is estimated as foll ows:

1) ﬁmticiggggmgrjgg_types of ships built in the future
1.5 bulkers per year
2.0 jack-ups per year

2) Expect possible modules for the construction of the above
types of ships. Table I11-2 shows the results

3) Schedul e slab usage based on 1). Figure Il1-15.

4) Draw slab us%?e plan of the nost crowded period of 3).
Figure I11-16.

E-19
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Vessel Name of Module Size Necessary Area
i
! Ballast, & G.S. pump module '
- (701 & 702) 15* X 50' 750 sq ft
l\a
Starboard Main L.0. Pump Module 10 X 12° 120 sq ft
(703)
L.0. Purifier Moduie (704) 10° X 10 100 sq ft
Port Main L.0. Pump Module -
(706) 10' X 12° 120 sq Tt
Air Comp. Module {(707) 8' X 10 80 sq ft
Starboard L.0. Cooler Module
(709) 5' X 22" 110 sq Tt
|  Bulker Cascade Tank Module (710) 8' X 10 80 sq ft
Port L.0. Cooler Module -
(713) 5' X 22' 110 sq Tt
F.0. Tank Module (714) 20' X 20' 400 sq ft
F.0. Booster Pump Module
(715) 8' X 12* 86 sq ft
R/G L.0. Settling Tank Module
(717) 7' X 13' 91 sq ft
D.0. Tank Module (718) 8' X 16' 128 sq ft
L.0. Tank Module (719) 18* X 18° 324 sq ft
Generator Room Modules 37 X 50" 1850 sq ft
Jack-Up
Rig
Mud Pump Room Modules 42' X 50° 2100 sq ft

Table ITI-2:

the Jdack-up rig.

E-22
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The m ninum area necessary is:
50" x 130" = 6500 sq ft

The proposed location in figure I11-13 has an area of (50'X 400" =,
20,000 Sg 1t). It is wde enough for the nodule fabrication. Furthernore
sone additional area (2,500 sq ft) can be utilized for material preparation
and/ or assembl ed nodul e storage, and it will not disturb the operation of
existing welding facility for Iegs of jack-uprigs.

-Unit outfitting

On-unit outfitting, which has much higher applicability in LSCO is
not less effective than on-module outfitting. Table I1-1 shows the tendency
that on-nodule outfitting is more predomnant rather than on-unit outfitting
fromthe aspect of both application degree (parametric weight distribution)
and efficiency. However, it is the tendency only in engine rOOHIOUthttIn%
|f the conparison is made for entire ship, the tendency wll becone opposi
at least in the aspect of application degree because of follow ng reasons

e

1) In all portion but engine room nost outfitting material
| S positioned verY close to steel structure.
(Such as innerbottom hold bul khead, and so on)

2) In all portion but.en%ine room to assenble Piant mdule
is relatively difficult because most material is decentralized
like on main deck for exanple..

~ Contrarilyto on-nodule outfitting, which requires to some degree
special facility, on-unit outfitting requires nothing special but a unit on

which on-unit outfitting is to be done. It is a point of easy applicability
in LSCO

Furthernore, on-unit outfitting gives solutions for some works to be
done under extremely bad circunstances on hoard, such as inside tanks,
beneath decks, on vertical walls, and so on. They can be done very easily
on units prior to their erection, before a tank frakes closed space, while
aunit is situated top side down, and while a wall is laid down. It is
out of the question how on-unit outfitting contributes to safety inprovenent.
and qual ity requirements.

. Hereafter, reconmendable style of on-unit outfitting in LSCOis
discussed refering to that of IH.

Production planning for on-unit outfi-ttting

The base lines of the production planning for on-unit outfitting
are the followng as well as those for on-nodul e:

1. To fit as nuch material as possible at on-unit stage.
(To mnimze on-board work)

2. To make on-unit outfitting effective.

Figure IV-1 illustrates the recommendable production planning
flows of LSCO.
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V.

Present condition and future inprovenent

Despite the effore of zone outfitting anIication to Hill 751,

the result is seemngly insufficient. Particularity manhour consunption
whi ch al ready exceedéd the estimation budget as of Au?ust, 1980, and
adherence to schedule, which resulted frequent correction of schedul ed
delivery date, apparently reveal the above.

. In this chapter, therefore, present condition of outfitting in LSCO
IS analyzed to clarify problens to be solved, and also the subject of
future inprovement is identified.

Present condition

~ Al problenms in outfitting field are likely to be summarized in
engine roomoutfitting of Hull 751.

There are two main problens as follows:
1) Insufficient preoutfitting
2) Insufficient zone outfitting on board
1) Insufficient preoutfitting

The amount of material installed at preoutfitting stage was
nucg | ess tq?n Q}anned and expected. It resulted in the fol | ow ng
probl ems “on ‘board.

a) Alot of work under bad circunstances..

~ Material, planned to be preoutfitted, is ?enerally to
be installed in places where it would be hard fo be worked
at, such as underneath decks, inside tanks, and narrow
closed places. Therefore it would becaone extremely time
cpnsunln? work, if it had to be worked out on hoard. It
will further affect quality of products and safetY of work
ﬁart|cu|ar|ty engine roonof self propelled vessels which
ave a severer tendency of the above than corresponding
conpartment of the other type of vessels such as jack-up
rigs, barges, and so on.

b) Burning, disassenbling and reassenmbling of prefabricated pipes.

, A lot of prefabricated pipes, which were aimed to be
installed at preoutfitting stage, were obliged to be installed
at on-bhoard stage. Asthey were sketched to be suitable to

preoutfitting., many of thém were burnt, disassenbled., re-
assenbl ed and nended.

c) Congestion of workers, interference between crafts, and
out of sequence works.

Mst materials had to be transported on the hull, and
many of themhad to be positioned (Installed) in relatively
short period between innerbottomunit erection and main deck
unit erection. It caused congestion of material and workers,

interference between crafts, and a lot of out of sequence
work on board

A SUBS DtaRY OF ISP‘ﬂKAWAJIMLPlRIMA HEAVY iINDUSTBIES CO LTD TOKYO JAPAN
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2)

Insufficient zone outfitting on board

' Dgspite oqrboayd.outijtjng which was planned to be done sub-zone
Dy sub-zone, the piping which is a key to engine room outfitting was
mostly performed system by system. It resulted in the following:

a)

o
~—

Inappropreiateness of composite drawing.

Composite drawing is not for system-by-system outfitting.
Therefore it is time consuming to read, to understand, and to

identify one system among all other systems drawn on one
drawing.

Al prefabricated pipes were ﬁrouped and contained into
allets, and transported on the hull sub-zone by sub-zone.
herefore systemby-system outfitting required all pallets
to be transported at once, and pipes of one SP/stemto be
installed had to be pulled out of several palfets one by one.

Unnecessary movenent of workers.

As every systemruns in every nook and corner, a worker
had to nove in every nook and corner at every systemif he
works system by system.

d) Difficulty of progress nonitoring.

As the progress | ooks vague, it isvery hard to grasp
the conpletion degree as a total. In other words, anywhere
or an% sub-zone woul d not be conpleted untill all systens
have been conpl et ed.

e) Qut of sequence works.

Systemby-system outfitting sonetimes ignores geographical
conditions, as indicated in figure V-1.

Fiqure V-1: . _
Conart1ons sometines exit
where one pi pi n? system
(A; must be Installed

before another system %B)
In the case of system by
systemoutfitting, a fitd

77\

\° s

N\ \\\\\\\\\\\\&\\\\‘

T

for system (B) na% be une
t hat srstem#A) shoul d be
installed before system(

E- 28
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v-2 Main subjects for future inprovenent

As a result of present condition analysis, it is out of question
that enforcement of zone outfitting, whjch consjsts of preoutfitting and

on-board subzone outfitting, is thé subject to be struggled wth fo? future
| mprovenent here in LSCO

In this section, therefore, vital points of the above enforcement are

di?pu%§ed and proposed with enphasis on production planning and control
activity.

1) Enforcement of preoutfitting

The nost effective solution to prevent problens taking place on
board of Hull 751 at this time is to elimnate on-hoard work. as nuch
as possible, in other words, to enforce preoutfitting as much as _
possibl'e.  Production planning has the key of the above. The follow ng
are vital points for substantial production planning, and they should
be inplemented step-by-step. Figure V-2 and V-3, which are identical
to figure I11-1 and I'V-1, shows the planning flow

a) Establishnent of construction policy.

Settle goals of preoutfitting degree, which are to be
reflected on all activity from Engineering through Production.

b)Preoutfitting application .planning.
This orients a quide Iine of productive construction
at which work designing aims. In other words, the success
of preoutfitting is dependent on this planning.
Major planning items are as follows;
* which portions are to he preoutfitted
* how they are preoutfitted
* how key drawings are to he ammended
c) Detail planning.
_ This is the activity aimng at more productive designing
?% incorporating practical ideas of the production side, "and
e

reby 1ncreasing Prellnlnary know edge of the production side

which allows Production Control to make productive work in-
structions.

E-29
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“Major Planning arning items done by respective unit of pre-
outfitting are as fol | ows:

" what material is to be preoutfitted.
" how detail the procedure is.

" what the key points are fromthe view points
of productivity.

" how work drawings are to be anended.
d) Subsidiary materials

| ndi spensabl e materials for successfull preoutfitting
are as fol [ ous:

* Pipe sketches (for prefabrication).
*Posi tioning support sket ches.
* MLF

,Preoutfittin? with higher productivity than on-board
outfitting can nol be realized wthout the” above.

e) Wrk packages and work orders

A work package, which is a total work instruction,should
go with a work order in order to be able to reflect matters
at the-working site, which are planned previously.

2) Enforcement of subzone outfitting

After preoutfitting enforcement, subzone outfitting on board
nust be enforced. For subzone outfitting, the schedul Ing P[ays_the
most inportant role after all. In other words, the scheduling is
a starting point of subzone outfitting and the "HEART" of the

production Flann|ng. Figure V-3 shows planning flow for on-board
subzone outtitting.

a) Schedul i ng

The following are required for subzone scheduling:

* Two kinds of schedules orienting subzone
outfitting are necessary.

1. Conprehensive schedul e involving
all crafts.

2.Craft by craft detail schedule.
* An element of conprehensive schedul e shoul d be
tied up with a pallet or a unit of work defined
by a work order

E-30
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* Craft by craft detail schedule should be a
break-cl'own of conprehensive schedul e.

b) Wrk order

Work order is required to have the followng itenms
used for subzone outfitting:

* To be tied up with elements of the schedule.

* Planned start date and planned finish date
must be exactly based on the schedul e.

* MF nmust go with work order

* Detail schedules nust go with work order

as the occasion demands in order to clarify
work sequences.

~ The above preoutfitting and subzone ouif|1t|n? IS the
subj ect which should be nandator¥ first priority to be inplenmented
because of its very imediate effect on productivity.
Furthermore, it will also develop consistently substantia
production planning activity.

In addition to the above, on the other hand, the
fol  owng should be devel oped as a ang-range program

in order to up %rade production planning and contro
activities furthernore.

3) Manhour _contro

a) Proper budgeting

* |ntroduction of control parameter
(Paranmetric weight)

* Introduction of process standard
b) Manhour nonitoring

*

I ntroduction of appropriate monitoring curve.
(Manhour "S" curve and Efficiency curve)

*

Qui ck and proper response for sonething unusua
in curves.

Piping craft (Department 9) is likely to be the nost potentia
department to be started on for the above subjects (2) and (3).
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At the present tine, "machine down" of N C burning
often comes about in the shipyard.

Additionally, the fabrication at Zones 2 and 3 in
the first bulker will begin in the very near future.

In this condition for awhile, it is necessary to take
into consideration the making and cutting nethods of
hul | structures with nodification of the present nold
| of ting nethod.

For the time being, the urgent themes regarding
Zones 2 and 3 of the first bul ker should be studied as
foll ows:

(1) Hull pieces which are to be operated by the
N C burni ng machine should be burned by other
subcontractors (one if possible), until the
recovery of N C burning machi nes.

O herwi se, new N C burning machi nes should be
installed. Now, IH understands that LSCo
has begun to study about the above matter.

(2) Flat plates, such as main deck plates, bottom
plates, inner bottom plates, etc., are to be
shifted as much as possible fromthe N C machine
to the flame planner.

Therefore, the work load of N C nmachines wll
be decreased.

(3) The making of such tenplates of internal hull
pi eces at Zones 2 and 3 asweb-flanes, brackets,

etc., should be changed from woody tenplates to
other material tenplates as follows:

. Using filmmt-tenplate

. Using paper piece drawing (size list)
. Ohers

For mold loft section, making use of these tenplates

will save nore time than at the present.
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The dee,o study should be started by both parties
of LSCo and [H in'the near future.

As a result of a rough investigation, this report
was nade.

Possibilities for application of a large NC
drafter-machine and others shall be described in another
report, "ldeal Approach for MIld Lofting Systemin LSCo."

Even if the N C burning machine is broken, the
tenplate can be made on the floor manually,at the present,
by using the method addressed in the above-nentioned report.

But this nethod is not always recommendable for
LSCo in the future because of physical nold |ofting
demerits, which are shown in the "ldeal Approach for
Mol d Lofting Systemin LSCo" report.
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~"Machi ne down" of NC burnin? equipnent is a v
serious matter for LSCO, particularly for nold |of
section, because nold loft section has to nanually
make tenplates referring to NNC data registered in

the system But it is difficult to produce the relevant
tenplates of Zones 2 and 3 at this tinmne.

ery
t

The nold lofting method against "machine down" of
N C. burni ng equi prent should be taken into consideration
in the system

. MOLD LOFTING SYSTEM

Wien the N'C machine is broken down, other tenplates
are to be made from N C data in order to cut hull pieces.
But it is difficult to make it.

In order to solve the above difficulties, tw kinds
of mold lofting systems are to be considered to nake
tenplates in this shipyard.

One is a physical mold lofting system the other is
a scaled nold lofting system

A. Physical Mld Lofting System

In this shipyard, the bulker's flanme |lines on the nold
| oft floor are already prepared to make bending tenplates.

When the N C nachine is broken down, it seens that
physical nold lofting system would nake it easy to make

the full-sized tenplates of hull pieces. PBut it would
bring about the nglomﬁng problemg ! .

1. Many skilled nold loft nen are needed to
make full-sized tenplates.

2. It wll take a long time to nake woody tenplates.

3. Miking tenplates at the sane place will interrupt
their working activity.

~ On the other hand, the conputer system (SPADES) has been
utilized to fabricate almost all hull pieces in LSCO
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- This conputerized system shoul d increasingly be
utilized in the future. Therefore, other methods
shoul d be established as soonas possible to make many
kinds of tenplates without any difficulties due to the

above mentioned problems. in other words, physical nold
lofting systemis not reconmended to LSCo for future
use.

This report would advise LSCo to apply the scal ed
mol d | ofting system as soon aspossible.

1. SCALED MOLD LOFTI NG SYSTEM

As described before, the scaled nold |oft system shoul d
be established as soon aspossible in LSCo. Generally,
the scaled nmold lofting system needs scal ed body plans and
a large NC drafter nachine

A. In this shipyard, it ?enerally seens difficult

to have scal ed body plrans until an installation of

a large NC drafter machine. However, it js an

important matter on how to get the scal ed body

Plans for LSCo. But it seens possible to get

he body plans as foll ows:

(a) The scaled body plans can be done on film
mats by CALI's N C drafter nachine

(b) Seans and longitudinals will be included
in these body plans, together with each
frame line and butt Iine.

This possibility of the above matter will be studied

nmore deeply by LSCo.

After getting the scaled body plans, you can make

full-sized tenplates as follows:

(a) Internal structure sections will be drawn
on the body plans by hand by nold | oft.

(o) After that, copies of the above filnms will
be delivered to Engineering and nold |oft
peopl e.

(c) Devel opnent of hull pieces shall be done on
the above scal ed body plans.

(d) h@asurin? di nension of hull'pieces on these,
plans will be transferred by hand to full-sized
tenpl ates, piece drawings (size list), and
ot her necessary information data for production
activities.
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However, i{ |(9|) is the case, a nore indepth study

should be initrated as follows:

1) How to measure dimensions of hull pieces

2) How to describe nuch information on the tenplate
(3) Etc.

B. The expansion of the conputerized 'system applied
in LSCO wll require a large NNC drafter nachine
as reported before by M. Hatake.

This large NC drafter machine will perform the
follow ng activities.

(a) The scaled body plans will be drawn easily

(b) Qutputs from SPADES will be drawn into
scal ed drawi ngs for hull pieces.

After that, these scaled drawings will be checked
b¥| mold [oft men for their relationship with
the scal ed body pl an.

This checking nethod is very useful in decreasing
error of tenplates and to keep a high accuracy.

In case the NNC nachine is down, there are two
alternate methods of making full-sized tenplates

as follows:

1. Partially Full-Sized Drawi ng Met hod

In order to directly make full-sized tenplates
by the NNC drafter nachine, drawings wll be
divided into two or nore, as shown in the figure

bel ow.
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I n proceeding wth this nmethod, the suitable
programs which can divide a one-piece draw ng
Into several pieces of a drawing nust be
prepared. Thus, re-generated draw ngs nust be
of proper size to accommvpdate the table of the
said drafter machine.

2. Optical Enlarging Method (Ref. attached)

To enlarge a scaled drawing to a full-sized
tenplate will be devel oped by an optica
proj ector.

If this projector is installed, full-sized
tenplates are easily nmade by nold [oft men
frﬂglscaled-dramnng-fllm using the drafter
machi ne.

An optical projector is useful to make the
bFndlng tenplates from the scal ed body plans
al so.

The making of bending tenplates will proceed
using this equipment wthout any interference
fromnold lofting activities.

Qur opinion expressed above is just for your reference.

11, CONCLUSI ON

As we have mentioned above, the best method of
replacing activities of the NNC burning nmachine dowmn w ||
be the follow ng nethod:

glg To Prepare scal ed body plan of filmmat.
2) To take necessary copies of the above bod

plan in order to develop every piece on tKose

(3) To develop full scale tenplates from scal ed
pi ece draw ngs.

_ In addition, if a large NC drafting machine can be
provided, "SPADES' System shall be applied to your production

nore efficiently; such as, preparation of bending tenplate,
checking piece draw ngs, obtaining nore information for
accuracy control, etc.

W shal | appreciate your understanding of the above.
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Ref. No. HP-079

THI - PRECISION OPTICAL PROJECTOR (TEN-TIMES)

THI - PRECISION OPTICAL PROJECTOR is an optical instrument provided
with a function of precise enlargement from a 1/&0 scaled film to

a full scale image. This is utilized to make a full scale template
from a precisely drawn film in ;/io scale such as templates for ben-
ding, template for end cut of stiffeners and others.

In IHI, this machine is installed at Mold Loft and combined use with
the NC drafting machine. The specification and function of it and
its mechanical principal can be seen in the following description
and figure.

F-9
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SPECI FI CATI ON

1. Effective Dinension To Be Projected

5.300 mm | ength
3.500 MM in wdth

For the filmlonger than 5.300 MM in length sliding
the filmand projection is repeated to get a full [ength

image.

2. Effective Film Dimension

530 MM in length
350 MMin width
3. Lens

Fax Ortho Nikkol f=50, F=5.6
4. Li ght Source

Rel ective photo lanp 100V, 2kw
5. Electric Source

3@, 200V, 21A
6. Veight

1,000 kg

7.  Oher Functions

*Renote Control Box
*Film Rol ling Equi pment

8. Maker
DAl - Nl PPON SCREEN | NC.
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